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PEEFACE. 


This volume is intended to afford an answer, as com- 
plete as may be practicable in a small space, to two 
questions which often arise in every-day life. We 
are surrounded by objects of beauty and usefulness, 
some of which have been supplied directly by the 
bounteous hand of Providence ; while others have 
been either made or modified by the hand of man. 
The young and inquiring are always prone (and it 
is well they should bo so) to put the • questions — 
“ Where does it come from ?” “ How is it made 

The syntax may not be very good, perhaps ; but the 
questions themselves are certainly reasonable. To 
answer them fuUy, would be the work of large and 
learned Cydopaedias and Treatises ; but a slight ap- 
proach to an answer is attempted in this small volume. 
The whole of the productions of Nature and Art being 
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in imagination spread out before us, we have made a 
selection from among the more important of those 
which are directly useful to man, and have described 
their principal characteristics in as concise and clear 
a way as possible. 

It may not be amiss to remind such readers as 
reside in or near the metropolis, or who may have 
opportunities for visiting it frequently, that the South 
Kensington Miiseum contains a vast store of speci- 
mens, excellently well calculated to illustrate many 
parts of this volume. Indeed, it would scarcely 
be possible to render full justice to that well- 
stored establishment. Although a few hours would 
suflBice to obtain a general idea of the contents and 
arrangements of the place, many days might be well 
spent in learning all that it could teach us. For 
instance: the Food Museum (the idea of forming 
which originated with Mr. Twining) illustrates the 
history, varieties, composition, and prepamtion of 
nearly all the best-known kinds of food and bevemge. 
The Museum of Animal Products contains specimens 
of animal substances in various stages of manufacture 
for useful application : such as wool, hair, bristles, 
whalebone, horn, tortoiseshell, fur, feathers, down, 
quills, ivory, silk, leather, oil, &c. The Museum of 
Building Materiqh contains specimens of substance^ 
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used in the construction of buildings : such as terra- 
cotta, decorative tiles, artificial stone, slate, bricks, 
fire-proof materials, models of roofs and of fire-proof 
floors, and the like. The Educational Museum con- 
tains a countless number of objects, models, books, 
maps, plans, diagrams, and engravings, illustrative 
of educational appliances, school apparatus, and 
household economy. The Museum of Patents and 
Patented Inventions contains a very large number of 
machines and models, some of curious character; 
together with a complete collection of abstracts, spe- 
cifications, and diagrams relating to all the patented 
inventions ever brought before the public in this 
country. If we do not speak specially of the Art 
Library^ the Musemn of Ornamental Art, the Col- 
lection of British Sculpture, the Architectural Col- 
lection, Photographic Collection, and the Galleries 
of Pictures forming the Sheepshanks, Bell, Vernon, 
and Ellison Collections, it is only because those 
valuable portions of the establishment belong rather 
to Fine Art than to the Productive or Industrial 
Arts. 

When we consider that the metropolis possesses, 
in addition to this interesting storehouse, so many 
national treasures of an analogous kind, in the 
British Museum, \h.e Museum of Economic Geology, 
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and the Botanio Museum and Gardens at Kew, 
we may well congratulate ourselves that the three 
millions of inhabitants have such admirable means 
of gratuitously studying specimens of natural pro- 
ducts and of human industry. 

It may be well also to remark that this little volume 
makes its appearance in a year when a Great Exhibi- 
tion of the Arts and Industry of all Nations is about 
to be held in London, arising out of, and in many 
ways an improvement upon, the world-renowned ex- 
hibition at the Crystal Palace in Hyde Park in 1851. 
Such valuable collections afford a fine opportunity for 
studying the productions of Nature and Art — ^from 
the crudest materials obtained by the minor,, to the 
highest works of man’s ingenuity — from the handi- 
work of semi-civilized nations, to the wonderful 
machines and implements of modern Europe. 


April, 18G2. 
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CHAPTER I. 

THE SOURCES OF OUR FOOD AND DRINK. 

All important as arc the animal and vegctaLlc sub- 
stances which supply the food and l)everages of 
man, several of the most familiar need no description 
in this volume ; because their sources are obvious to 
all, and because the substances themselves undergo 
very few processes by man’s agency. Such is the 
case in reference to meat, ])oultry, game, and fish. 
Wo all know somewhat of the structure , and appear- 
ance of the animals, where they are mostly found, 
how they grow, what they feed on, to what extent 
they arc suitable for man’s food, how they are caught 
and killed, and how prepared for the table. By 
omitting these and other examples of similar charac- 
ter, space may the more easily he found for notices 
of edibles not necessarily greater in importance, but 
more immediately dependent' on human ingenuity. 
As to beverages — with the exception of the one 
which, forms the grand basis of all, water — most of 
them will require a little attention here. 
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1. Bread, its Materials and Varieties. 

We are told that bread is the ‘ Staff of Life !' It is 
a good phrase ; for no other substance furnishes the 
main support for so large a number of human beings 
as this — especially if we include imder the name of 
bread other varieties of baked or cooked grain. 

Wheat and other Corn. — Com or grain is 
undoubtedly the most valuable of all the vegetable 
productions which the goodness- of the Almighty 
has provided for the food of man ; and of all the 
kinds of com, wheat is the most prized in our own 
country. Wheat, oats, rye, harley, maize, &c., 
contain a nutritious mealy substance within the husk 
of the grain or seed ; and this meal, when prepared 
into bread and baked, is the most universal of all kinds 
of diet. We might possibly except rice, considering 
how enormously that grain is consumed in the East. 

Let us say a few words concerning wheat culture, 
as an example of corn-growing generally. Wheat 
will grow in all climates except the extremes of heat 
and cold ; and this property is one cause of its great 
value. In temperate climates it flourishes best; 
whereas rice and maize are the kinds of grain natu- 
rally best fitted for warm regions. The meal or flour 
contained within the seed comprises two very different 
substances — starch, which has a fiittening quality; 
and gluten, which has a strengthening quality ; thus 
showing itself especially suitable for the food of 
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man. All tlie species of wheat, nearly forty in 
number, belong to the genus called by botanists 
triiicum ; but some of these are only grasses ; those 
of which the seed yields meal for bread ai:e fewer in 
number, and are called cereals. The best known 
species is the iriticum vulgare^ or common wheat ; 
and the best known varieties of this species are 
the triticum msiivum and the tritievm hyhernum. 
The former of these two is the sjpring or summer 
wheat, better known on the Continent than in 
England ; while the latter is the autumn or winter 
wheat, comprising the chief kinds grown in this 
country. Certain properties in the grain have led 
to a convenient grouping into hard and soft wheat ; 
the hard, containing relatively more gluten, is pre- 
ferred for the best bread and pastry ; the soft, richer 
in starch or farina, is the best for fermenting into 
beer, spirits, and vinegar. 

The best soil for English wheat is a deep clay 
loam, with a dry subsoil. To ensure the most 
profitable return, wheat is made to form part in a 
rotation of crops in the same field, recurring once in 
three or four years. By skilful subsoiling, tillage, 
and manuring, land at one time fitted only for 
inferior crops is now made to yield good wheat. A 
rotation much practised in Norfolk consists of one 
year wheat, then turnips after good manuring, then 
barley, then clover, and then return a second time 
to wheat. These systems of rotation seem to act 
something like a variation of diet upon man, each 
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kind performing its own proper part in maintaining 
the organism. 

The seed, in the present day, is mostly sown by 
the aid of drills or drilling machines^ which deposit 
it at equal intervals in the ground. This mode is 
more rapid and efficacious than that of hroadcad^ 
where the seed is scattered over the surface of the 
ground, or dibhling, where it is dropped into holes 
made by a hand^implement. From September to 
November, according to the nature of the soil and 
the state of the weather, are the usual sowing 
• months in this country. Harrowing then covers 
the seed with earth, slightly disturbing the soil by 
means of a series of spikes or tines. Every varia- 
tion of weather has its peculiar effect, good or bad, 
on the growing crop ; and it is the farmer’s busi- 
ness, during the winter, spring, and summ^, to 
attend to these variations, and also to keep the crop 
as clear as possible from weeds and insects. If aU 
goes well, the fields ‘laugh with com’ as the 
autumn approaches: the golden harvest is waiting 
to be gathered. The straw which supports the ear 
of com is cut down near the ground, sometimes 
with a scythe, but more generally in this country 
with the siclcle or reaping-hook, a bent blade with a 
very sharp edge. A good reaper will lay the straws 
very equably, so as to lighten the labours of those 
who collect the com into sheaves, and the sheaves 
into stocks, or shocks. In these stocks the com is 
nearly upright^ the ear at the top, to fiicilitate its 
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drying. Reaping-machines are now coming into 
use, to supersede both the scythe and the sickle. 

The above will convey some idea of the mode of 
cultivating most kinds of grain. RicCf from its 
peculiar character, requires a much warmter climate, 
and a much more abundant supply of water, than 
com generally so-called. 

Floub and Meal. — It is customary to call wheat- 
meal fiour ; but the contents of all the seeds, 
whether wheat, lye, oats, barley, buckwheat, or 
maize, are equally meal or flour when ground into 
powder and separated from the husk or bran. 

The threshing of corn is the separation of the 
groin from the straw. The trampling by the feet of 
oxen and horses, and the pressure by the wheels of 
carts, were means adopted in ancient times ; but the 
flail and the threshing-machine are the kinds of 
apparatus now employed. The flail is a staff, with a 
hinge in the middle, so contrived as to enable the 
thresher to strike eflective blows on the com spread 
out on the bara-floor. The barns or threshing- 
places are constructed with much care, to ensure 
dryness and effective ventilation. By long and 
careful beating, the com is separated from the 
straw; but this com is a mixture of good grain 
and uhafl^ or refuse ; and a further separation is 
necessary. The com is thrown into one among 
many kinds of winnowing-rmchines, where a current 
of air blows away the thin, light chaff; and a 
further sifting through a riddle clears off the re- 
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fuse still more completely. On large farms these 
processes are now much more effectively carried on 
by means of threshin^-maehines, worked either by 
horses or by steam-power. Eevolving beaters thresh 
out the com in a very short space of time ; and the 
subsequent winnowing and sifting are performed by 
the same machine. 

The grinding of the com into flour involves two 
processes — the cmshing of the mealy portion of each 
grain, and the separation of the bran or husk. The 
ordinary mode of grinding is by means of two mill-' 
stones, flat circular stones four or five feet in 
diameter. The lower one is fixed; the upper one 
revolves over it with a speed of a hundred turns or 
more in a minute. The lower surface of the upper 
stone and the upper surfece of the lower are chan- 
nelled into grooves. The com is admitted through 
a hole in the centre of the upper stone ; it falls into 
a narrow space left between the two ; the revolution 
of the upper stone, aided by the grooves, crushes the 
com to powder ; and the flour, mixed with the bran 
or husk, is whirled out from between the stones. 
Improved corn-mills have been introduced within the 
last few years, to economize more completely the 
flour contained in the grain, and to prevent it from 
being unduly heated by the great friction. In sbme 
of these new contrivances, mill-stones are used very 
different in shape from those just described. 

The dressing of flour is the separation of the meal 
from the bran. It is in &ct merely a sifting through 
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a sieve ; but in modem macbines this is very com- 
pletely effected. The holting machine is a cylinder 
covered with a peculiar kind of cloth ; the meal 
is thrown in ; the cylinder is made to revolve ; 
and levers or rods beat against the cloth until 
nearly all the fine flour is driven through the inter- 
stices, into a box which encloses the cylinder. The 
dressing-machine, on the other hand, is covered with 
wire cloth ; and so ingeniously are the arrangements 
managed, that the flour becomes separated into many 
different degrees of fineness, each of which escapes 
into a receptacle distinct from the others. The flour 
then becomes separated into the kinds known as 
‘ best,’ ‘ seconds,’ ‘ middlings,’ and ‘ pollards,’ leaving 
the bran or husk in the cylinder. 

The windmill, with which so many picturesque 
country scenes are associated, is still the principal 
means of working the machinery for grinding com : 
the force of the wind turning the sails, and this force 
being transferred to the upper stone. At the present 
day, however, many of our great towns are provided 
with steam jlom-mills, in which steam-power does the 
work with a wonderful degree of efficiency. There 
is one establishment in London where thirty pairs of 
mill-stones, and half as many dressing-machines 
are worked by steam-power. 

It is interesting to note, that when the British 
army was going out to the Crimea in 1854, the 
Government sent two steamers, called the Bruiser 
and the Ahmdance, fitted up completely with com- 
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mills and bread-ovens. The same steam-engine 
which propelled the Brmser propelled also the com- 
mills; and these mills had a power of grinding 

24.000 lbs. of flour per day. The Abundance had 
the machinery and the ovens for making and baking 

18.000 lbs. of bread daily, from the com which 
tlie other vessel had ground. Thus the troops at 
Balaklava were supplied with bread with a regula- 
rity and carefulness seldom practicable during the 
horrors of war. Poor fellows ! they had troubles 
enough else to endure; and it is well that their 
bread was thus served out to them regularly. 

Bread and Biscuits. — The making of meal into 
bread is a process simple enough to be known to the 
rudest nations ; nevertheless, much care is needed 
in pursuing the operations properly. Mix flour or 
any other meal into a stiff paste, flatten it into a 
cake, and put this cake on a hot plate until baked — 
thus we produce bread such as forms the chief sus- 
tenance of millions of persons in various parts of the 
world. Common liscuits, such as those which consti- 
tute ships’ bread, are one kmd of such cakes ; and 
Scotch oatcakes are another. If we ask for the light- 
ness, whiteness, and softness of loaf thread, something 
further is necessary, involving the use of leaven or 
yeast 

In making an ordinary English wheaten loaf, 
processes are adopted to affect differently the gluten 
and the starch. Flour and water are mixed 
into dough. Instead of being baked 'at once, this 
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dough is allowed to remain cold for some time ; it 
ferments slightly : some of the starch becomes 
changed into carbonic-acid gas. In the efibrt of this 
gas to escape from the adhesive mass, the dough 
is made hollow or porous throughout its substance ; 
and the loaf-bread, in consequence, becomes more 
light, soft, and digestible than cake-bread. To assist 
in bringing about this change, the baker adds either 
haven or yeast ; the former is a bit of dough in a 
state of fermentation ; while the latter is a kind of 
froth obtained in brewing beer or ale. 

There are many variations in bread- making adopted 
by bakers ; but their general character may be under- 
stood from the following description : — Mashed pota- 
toes, yeast, a little salt, and a little flour, are mixed 
with water to form what is called ferment^ which is 
allowed to attain a particular condition before being 
used. Flour for making the bread is poured from a 
sack into a trough ; and to this is added the ferment 
mixed with water. The whole is worked up into a 
dough, which is left to swell and bubble up into what 
the baker calls sj^onge. The management of this 
sponge, and the time at which the dough is sepa- 
rated into masses to make loaves, greatly affect the 
quality of the bread. The loaves are placed in an 
oven, and there kept until baked. Out of one quarter, 
or 480 lbs. of wheat, about 400 lbs. are converted 
into flour, which is made into probably 120 4-lb. 
loaves; but there is no uniformity in these par- 
ticulars. 

Nearly all the London bread is made by processes 
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the building of new suburbs. Some years ago it 
was supposed that the United Kingdom consumed 
more than a thousand million quarts of milk annu- 
ally, the produce of nearly half a million cows ; and 
that nearly a hundred million quarts were needed for 
the metropolis alone ! But there are no means for 
testing the truth of these suppositions. Formerly 
there were several large dairies near London — of which 
the chief was Lay cock’s, at Islington — containing from 
two to six or eight hundred cows each. The cows 
were milked twice a day, and the milk was sold to 
dealers, who retailed it from house to house. The 
cows were carefully tended, and were fed liberally 
with turnips, mangold-wurzel, hay, and sometimes 
distillers’ grains. Farmers can afford to sell milk 
wholesale at sixpence per gallon ; and as the London 
retail price is generally fourpence per quart, the 
profit is considerable. The difference is made still 
greater by the dishonest admixture of water with 
the milk by some of the retailers. Since there 
have been seven or eight railways connecting London 
with the country districts, the milk trade has as- 
sumed a new phase. The companies bring up milk 
from distances of ten, twenty, fifty, or more miles, 
at the rate of less than one penny per gallon, 
carrying back the empty cans free of charge. It has 
thus been foimd, in many instances, that milkmen 
can conduct their trade in this' way more profitably 
than by keeping cows themselves. Every morning 
may be seen carts rattling through the streets, bring- 
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ing tall cans of milk from the railway stations ; and 
itinerant dealers sell what they call ‘^railway-milk,” 
at a lower charge than the regular milkmen. 

The great value of milk for many domestic pur.- 
poses has led ingenious men to devise modes of pre- 
serving it for a more or less lengthened period. 
Sometimes it is boiled, sometimes scalded, sometimes 
kept secluded from air ; and a way has even been 
devised of converting it into a solid. Our heroic 
Arctic explorers have often had the enjoyment of 
milk, conveyed in their ships in well-secured tin 
cases. True, in all- these instances the milk loses 
something of its rich and pleasant qualities ; but it 
is nevertheless a most valuable addition to the diet 
of those who, for whatever cause, are placed beyond 
the daily reach of fresh milk*. 

Cream is the richest portion of the milk, which 
rises to the surface when kept still for some time. 
At the great dairies large shallow vessels, frequently 
of glass or white ware, are kept for containing the 
milk ; and the cream is skimmed from the surface as 
fast as it is formed. Considering the cheapness of 
milk, the retail price charged in London for cream is 
certainly enormous; being sometimes as high as 
three shillings per quart. 

Butter and Butter-makino. — In order to under- 
stand how the formation of butter occurs, it is neces- 
sary to know something of the relation between 
milh, hutter^ and cheese. When milk has been 
allowed to stand some time, it separates into cream 
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and shini'mUh, the former of which floats on the 
latter. When cream has been treated in a certain 
way, it separates into hutter and hiitter-milk ; when 
skim-milk has been treated in a certain way it se- 
parates into curds and whey ; and when butter- 
milk and curd have been treated in a certain way, 
they produce cheese. It thus arises that all these 
liquid and solid substances are very intimately con- 
nected. 

The making of buiter is the most delicate opera- 
tion in dairy husbandry. All the vesi^els employed 
must be scrupulously clean, the dairy-house dry and 
airy, and the dairy women neat in their habits ; for 
the milk is soon spoiled if not carefully managed. 
The milk is drawn from the cows into vessels, and 
strained through fine cloth sieves into broad shallow 
pans of glass, earthenware, white wood, or metal. 
After remaining several hours in a place where a 
cool breeze may pass over it, nearly all the cream 
has risen to the surface of the milk. This cream 
is collected either by skimming, or by drawing away 
the skim-milk from beneath it. The cr6am is kept 
in glazed stoneware jars until there is enough in 
quantity for one making of butter. The butter is 
separated frem the butter-milk by chwrning the 
cream, which is nothing more than a violent shaking 
or agitation. Chums are made in many difiFerent 
forms ; but there is in all a flapper or paddle whisk- 
ing round rapidly. In a period of time varying fix)m 
ten minutes to an hour, according to circumstances,. 
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the butter nearly all separates from the butter-milk, 
and is taken out of the churn by hand. The separa- 
tion, however, is not quite complete } and unless it 
is made so the butter will .soon spoil. For this 
reason the butter is beaten with a flat wooden spoon 
or bat, and washed with clear spring water, until all 
the buttermilk is expelled. This butter-milk is used 
as a cheap substitute for real milk in poor femilies, 
or as food for pigs. 

If the butter is to be sold as,/res7i, it is made up 
either into long rolls, or into flat prints, impressed 
by a wooden mould. By far the larger portion, 
however, is sold as salt butter. To produce this, 
the butter is usually put into firkins holding half a 
hundred-weight each, with three or four pounds of 
the best table salt, and sometimes a little sugar and 
saltpetre. Great care is necessary in combining the 
salt well with the butter, to prevent the latter from 
becoming rancid. 

In some districts the milk and 'cream are churned 
up together, producing a greater quantity of butter, 
but not of such fine quality. The milk in such case, 
is placed in deep jars, and there kept till a slight 
acidity commences ; it is then poured into a large 
churn, sometimes with the addition of luke-warm 
water; and the whole mixture is churned till the 
butter makes its appearance. The butter-milk which 
forms a residue of this process, is better than that 
obtained by the other method ; it contains curds as 
well aB whey. 
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The quality of butter depends on many minute 
circumstances. II', by imperfect management, any 
curd gets into the butter, a ^ cheesy ’ taste, and a 
tendency to spoil, are the result. The best butter 
comes from the milk of cows fed in rich natural 
meadows. On an average, from three to four gallons 
of milk yield one pound of butter ; and a good cow 
will supply from a hundred and fifty to two hundred 
pounds in a year. A very inferior kind, called whey^ 
hutier, is sometimes produced from the whey result- 
ing from cheese^making. 

It is supposed that the milk of nearly two hundred 
thousand cows is required to furnish the metropolis 
alone with butter. The kinds mostly in demand are 
Doraety Cambridge, and Epping butters ; so named 
from having been originally, perhaps, cliiefly brought 
from those places. Iriah butter, rendered very salt 
for better keeping, is largely sold for exportation. 
Dutch butter, rather peculiar in taste, is imported 
into England to a considerable extent. 

Cheese and CnEESE-MAKiNa. — The relation be- 
tween butter and cheese is, as we have seen, a close 
one. Yet the principal cheese districts are not the 
principal butter districts ; for difl'erent qualities of 
milk are required in the two cases. The poorer 
kinds of cheese consist of little else than curd, as 
they are made from skim-milk only ; but the richer 
cheeses contain also a considerable portion of butter. 
The various sorts of cheese — such as Cheshire, Ched- 
dar, Stilton, Double and Single Qlonoe^, Both, 



OHEMISTBY OF CHEESF-MAEIKa. 


31 


Yorkshire^ Dutch, American, Parmesan, Gruyere, 
Neufchatel, &c. — differ much in flavour, appearance, 
and fiicility for keeping, owing to the operation of a 
variety of causes ; such as the kind of cow from which 
the milk is obtained, the natm’o of her food, the 
cjimate and weather, and the dairy operations. 
Indeed there is probably no article of food which 
presents greater differences of quahty than cheese. 
Some are soft and rich, intended for consumption 
soon after being made, such as Bath, Cream, and York- 
shire cheese ; others, such as Cheshire, Gloucester, 
and Dutch, are hard and dry, being intended for 
long keeping ; while Stilton, Gruyere, and many 
other kinds, are intermediate in quality. 

In the usual mode of making cheese, the chief 
circumstance attended to is the separation of the 
curd from the whey. This would take place natu- 
rally if the milk were allowed to become sour through 
long keeping; but as such a process would bo 
injurious, the separation is hastened by the action of 
a curious substance called rennet. This rennet is a 
portion of the inner layer of the stomach of a calf or 
a pig, cleansed and dried ; it is boiled in strong lime ; 
and the liquor thus prepared is the acidifying agent 
employed in cheese-making. The experience of the 
dairyman teaches him how much rennet to supply 
to a given quantity of milk. The warm summer 
months are the most suitable for the cheese-maker. 
When the rennet has been added to the milk, the 
curd soon forms ; and this curd is squeezed by the 



32 PHOOIlSSfiS OP CHEfiSE-MAl^n^O^, 

hand of the dairywoman until broken up into small 
pieces — ^as a means of insuring the better separation 
of the whey. In some districts an instrument called 
a whey-cutter is used to expedite this process. The 
whey is then removed, to make whey-butter, if rich 
enough, but to be given to pigs if poor in quality. 
The curd, freed as much as possible from whey, is 
put into a cheese-vat^ generally a wooden tub with 
holes in the bottom. A cheese-cloth is placed over 
the vat, and the curd is heaped upon the cloth, until 
there is enough to fill the vat. The cloth is folded 
over the curd, and the vat, with its contents, is put 
into the cheese-press. These presses vary much in 
kind; but they all comprise a sort of piston, or 
sinker, which sinks down into the vat, and presses on 
the clothful of curd. The pressure applied is very 
great, and is allowed to remain two or three hours. 
For the best cheeses, there are several repetitions of 
pressing, and the cloth is changed more than once, 
to ensure as much as possible the removal of every 
drop of whey. When the pressing is finished, the 
curd, now become cheese, is put into a salting-tub, 
where it is exposed some days to the action of brine ; 
after which it is rubbed day after day with dry salt ; 
or, for some kinds of cheese, the salt is mixed with 
the curd itself before pressing. 

Many variations occur in cheese-making, which 
need not be noticed here. Some cheeses, such as 
those of Suffolk, are made from, milk which has been 
deprived of nearly all its cream ; and ihey are as a 
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consequence very poor and dry in quality. All the 
rich cheeses have much cream or butter in their com- 
position. Cheshire prides itself on its skill in cheese- 
making. In no other district is there so much care 
taken to expel every drop of whey. Not only is the 
curd much broken and beaten before being pressed, 
but sharp skewers are thrust through the mass in 
every direction, to furnish channels through which 
the whey may flow. 

Many cheeses are artificially deepened in colour. 
It does not appear that any good quality is thereby 
imparted ; and it seems a pity that such a useless 
process should be continued, merely to give an appa- 
rent richness to the cheese. The colouring substance 
is usually arnatfo ; a cake or roll formed of the 
sediment obtained by steeping the rind and pulp 
which surrounds the seeds of a South American plant 
called the Bim Qrellana. Some cheese-makers 
employ orange-carrot juice, some marigold-flower 
juice. Gloucester and North Wiltshire are the kinds 
of cheese most deeply coloured; Cheshire more 
slightly ; while Stilton and Cheddar are left in the 
natural tints. 

Competent persons have estimated that the enor- 
mous quantity * of twelve thousand tons of cheese, 
nearly thirty million pounds, are made annually 
in the county of Cheshire alone. It is supposed that 
Great Britian consumes a hundred thousand tons of all 
kinds of cheese annually. To English workmen and 
labourers, cheese is an article of almost daily food. 



34 


aROOERIES AND COLONIAL PRODUCE. 


3. Tea and Groqeries. 

It is impossible to say which, among many articles 
of secondary importance in reference to the food and 
drink of man, are more necessary to us than others. 
Meat, fish, poultry, game, bread, milk, eggs, butter, 
cheese — these having been disposed of, there seems 
no other group so important as that wHch includes 
iea^ coffee^ coeoa, chocolate^ and sugar. All these 
substances are of foreign growth, and are generally 
included under the designation Colonial or Tro~ 
jgical produce, although'' those names are not in 
every case correct. The commodities are more 
familiarly known in England as Groceries. 

Tea Culture. — This delightful beverage is ob- 
tained by infusing the leaves of a plant grown largely 
in China, and to a small extent in other parts of Asia. 
It was about two centuries ago that the beverage 
was first known in England, where it was regarded 
as a curious luxury beyond the reach of the common- 
alty. The East India Company, in 1664, bought 
thirty-four ounces of tea, to present to Charles the 
Second as an Asiatic rarity ! A taste for the beve- 
rage having once arisen, the Company made the 
purchase and sale of the prepared leaves a part of 
their regular trade; and thus matters progressed, 
until, at the present time, we consume eighty million 
pounds of tea annually. 

The tea-plant belongs to the genus called by beta- 
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nists ihea. In diflferent parts of China it is called 
tcha, cTia^ tha, and isia; and from this source the 
botanical and English names are evidently derived. 
The plant will flourish in many kinds of soil and 
climate ; but the strength and flavour of the infusion 
are greatly affected by minute changes in these par- 
ticulars. In cultivating the plant, the Chinese make 
holes in the ground, four or five inches deep and three 
or four feet apart ; and several seeds are dropped into 
each hole. Little more is needed tiU the rainy season 
arrives, when the young sprouts require to be watched. 
Weeding is the chief process needed during three 
years ; at the end of which time the first crop of 
leaves is yielded. Sometimes the young plants are 
transplanted, to form a bush that will facilitate the 
gathering of the leaves. 

Great care is observed in the gathering. At various 
periods of the year, from March to August, gather- 
ings take place ; the leaves being picked off accord- 
ing to their condition at the time, and carefully laid 
aside. The gatherers prepare themselves for their 
work by two or three weeks of careful regimen; 
keeping their persons scnipulously clean, and refrain- 
ing from eating any food that would affect the breath, 
lest the delicate leaves of the plant should be injured 
thereby ; moreover, they cover their hands with gloves 
during the picking. When picked, the leaves are 
dried and prepared for market, if possible on the even- 
ing of the same day. The leaves are carried into 
houses where furnaces are 'conveniently arranged. 

0 2 
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On each furnace is a flat iron pan; and on this, 
when hot, the leaves are placed, after having been 
partially dried in the sun. By means of heating, 
shifting, and turning, they become quite dry. They 
are removed by the hand or with a shovel, and are 
thrown into mats or baskets. In small portions they 
are then placed on a table, and rolled between* the 
palms of the hands into the curly form so familiar to 
us. The drying and rolling are repeated several 
times, until a peculiar kind of juice or sap has been 
expelled. The number of times of roasting and 
rolling determines in part the quality of the tea. A 
lighter tint is given to green tea by steaming the 
leaves before roasting. The well-known flavour of 
tea is developed almost solely by the roasting, as* the 
unroasted leaf possesses scarcely flavour or odour. 
About three pounds of leaves are roasted down into 
one pound of dry tea. 

It seems most probable, although not certain, that 
black and green tea are different species, in the forms 
in which the finer kinds are sold. But the Chinese 
are suspected of practising much deception — one 
mode of which is, to prepare coarse black tea in such 
a way as to imitate the toest sorts both of green and 
black. In the best green, the leaf only is included ; 
in Wack, the stalks also are retained ; and moreover 
the gi*een comprises younger and more tender leaves. 
The Chinese never use their best tea until it is at 
least twelve months old. 

The names Hyson, Bohea, ^tvanJcay, P^koe^ 
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Souchong^ GongoUy &c., are all of Chinese origin, 
referring to different kinds of tea-plant, different 
modes of preparation, or different districts of growth. 
The very choicest kinds never come to England ; they 
are too delicate to bear the sea-voyage ; and moreover 
the wealthy Chinese, who do not like to part with 
them, are willing to pay very high prices, even as 
much as fifty shillings per pound. The commonest 
kinds are made up into hard brick-shaped lumps, and 
are carried overland to Eussia and Central Asia, 
where they serve as money, in addition to their more 
obvious use. Tea is brought to England in chests 
containing on an average about sixty-four pounds 
each. 

China is still the great storehouse for tea; the 
quantity grown elsewhere is comparatively trifling. 
Nevertheless the culture is gradually becoming im- 
portant in India and some other countries. 

The Chinese mostly drink the infusion without 
nnlk or sugar. They allow the hot water to 
remain on the leaves only long enough to extract 
the more volatile and aromatic properties. The 
poorer classes, however, boil their tea, to obtain as 
much taste as possible for a little money ; for it is 
to them truly one of the necessaries of life. 

CoppEE AND Chicory. — The beverage- known 
throughout so large a portion of the world by the 
name of coffee (or its equivalents cafe, caffe, hoffe, 
Jeofe,) is a decoction from the berry of the coffee- 
plant, the Coffea Arabica of botanists. The portion 
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of tlie berry used comprises so much of the seed 
as envelops the future plant. The coffee-tree, when 
full grown, is an evergreen shrub, with shining 
oval leaves, and berries that gradually change j^from 
red to purple. The native country of Mocha coffee 
is the region on both sides of the Eed Sea ; the 
coffee of Ceylon, the West Indies, &c., is not of so 
fine a quahty. In Arabia the tree is grown in well- 
irrigated grounds, in a deep soil, and in the midst of 
other trees whose foliage protects the yomig coffee- 
plants from the heat of the sun. The plant begins 
to produce fruit or berries in the third year ; but 
the quality is better at the fourth or ^h year. 
The berries do not acquire all their good qualities 
for many months after their removal from the 
tree. 

Coffee is sometimes used raw, for medicinal pur- 
poses; but its fragrant and aromatic quahties are 
not developed until after roasting. The compo- 
sition is very remarkable ; for the berry is found to 
contain a gum, a fat or butter, a resin, a bitter, an 
albumen, and an aroma ; most of which conduce to 
its wholesomeness as a material for beverage. The 
roasting requires to be very carefully conducted. 
In the best method, the coffee is placed in a 
cylindrical vessel, which is made to rotate over a clear 
fire. There is one particular stage or degree of 
roEisting better than all others, to be known only 
by experience. When this degree has been attained, 
the coffee is found to have undergone remarkable 
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changes ; it emits a powerful and agreeable odour ; 
it loses about a third of its former weight ; it has 
swelled to nearly double its original bulk ; instead 
of being heavy and hard, it is light and easily 
crushed ; and its colour is changed to a light chesnut 
tint. 

In English shops, and among English families, 
the roasted berry is often kept a long time before 
being ground, and the ground coffee kept a day or 
more before being used. But both practices are 
injudicious, as leading to the waste of good qualities. 
The roasting, the grinding, the making or decocting, 
and the drinking, should foUow each other as quickly 
as possible. Coffee is sometimes made by infusion, 
or simply pouring boiling-water upon it; some- 
times by actual boiling ; the former plan best devc- 
lopes the delicate aroma, while the latter gives 
greater strength to the beverage. Many ingenious 
forms of apparatus for coffee-making have been 
introduced within the last few years — such as 
Parker’s steam fountain coffee-pot, Loysel’s perco- 
lator, &c., intended to draw out'tho strength of the 
coffee without vitiating its flavour. 

There is now consumed, in the United Kingdom, 
forty million pounds of coffee annually. The con- 
sumption has greatly increased since the introduc- 
tion and spread of temperance principles among the 
working-classes. Besides this, there is supposed to 
be at least half this amomit of chicory also used, as 
an addition to the coffee. This is a very remaik- 
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able mixture ; for while coffee is, as we have seen, 
the berry of a tropical plant, chicory is the dried 
root of a European plant; and yet the two suit 
very well together when roasted and ground. The 
chicory-plant is the same as that which yields the 
well-known salad, endive ; but differently cultivated. 
The roots, when gathered at the proper time, are 
well washed, placed in a cutting-machine, and sliced up 
into small pieces; the pieces are dried, roasted in 
cylinders over a steady fire, and pulverized. A 
drink prepared fi:om chicory alone is a very poor 
substitute for coffee ; but if used as an addition and 
not as a substitute, it is economical and wholesome. 
Whether or not it be pleasant, is a matter of in- 
dividual taste. Being much cheaper than coffee, it 
is now mixed with it to a very large extent. 

Cocoa and Chocolate. — These agreeable and 
wholesome drinks are obtained from a plant to which 
the ancients gave the name of Theobroma, or ‘ food 
for the Gods,’ — an excess of praise to which in our 
days the world is not inclined to assent. There are 
several species of the plant, but the one which yields 
the beverage is chiefly the Theobroma GacaOy found 
in many of the tropical countries of Asia, Africa, and 
America, and familiarly known as the Choeolatedree. 

Cocoa and chocolate, as generally understood in 
fingland, are two names for the same substance in 
different stages of preparation. It is the bean of 
the plant, imbedd^ in a soft pulp, that is so 
valuable to us ; the other portions are not so much 
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prized. About twenty-five or thii-ty beans are con- 
tained in each capsule or pod. The pulp surrounding 
them is often eaten by the Mexicans as a pleasant 
food. The* bean, when ripe, contains much oily 
albuminous substance of an agreeable flavour and 
nutritious quality ; it is on this ground that cocoa is 
so much recommended as a material for beverage. 
At the first sowing, the seeds are placed two or three 
together in the same hole, the holes being wide 
apart : an intermixture with other plants, for the 
sake of shade, takes place at the transplanting. The 
pods may be gathered at many different periods of 
the year, but the wild kinds only yield one harvest 
annually. One person can attend to about a thousand 
plants, which will yield from fifteen hundred to two 
thousand pounds of beans. The oil contained in the 
beans is sometimes expressed from them, and used 
separately under the name of cocoa-butter, as an 
article of food, or for making ointments. The beans 
vary much in size, shape, colour, number, bitterness, 
and oily constituents. The average size is about 
that of a sweet almond ; each is covered with a dark 
skin, and contains two kernels of a brownish violet 
colour. • 

The beans, when collected, are dried in the sun or 
air. Some kinds contain more oil, or butter, than 
others, and are on that account more valuable in 
supplying the material for candles, soap, and pomade. 
It is Well to bear in mind, however, that this oil of 
cocoa, or biUter of cocoa, is quite a different substance 



42 


FLAVOURED CHOCOLATE. 


from cocoa-nut oil. Cocoa, we may also mention, has 
nothing to do with cocoa-nuts : much confusion having 
arisen in common language from using the word 
cocoa as a translation both for cacao and cocos, the 
names of two very different plants. To return to our 
subject. When the beans are to bo sold by grocers 
in the retail form as cocoa, they undergo very little 
preparation. They may be called leans, seeds, 
kernels, or fruit : the first name is the best ; but 
whatever we call them, they are used nearly in the 
natural state. When simply crushed, they are 
called cocoa-nils ; ^ when crushed more finely between 
rollers, they heeome flake-cocoa. 

If the product is to be mUedi chocolate rather than 
cocoa, the beans are carefully picked or sorted, and 
gently roasted in an iron vessel. The roasting is 
continued just to the point when the aroma becomes 
developed. They are turned out, cooled, ground, 
and sifted. The husks are sometimes thrown away, 
but they still contain a nutriment which may be, and 
ought to be, rendered available. The kernels are 
bruised and ground down into a paste ; and this paste, 
when solidified in moulds, constitutes or common 
chocolate. If other substances are added to the paste, 
various names are applied to the mixture. These 
other substances may be sugar, honey, long pepper, 
amatto, vanilla, cloves, aniseed, musk, ambergris, 
cinnamon, rice, almonds, starch, &c. Plain choco-^ 
late is mostly prepared in England ; aromatic choco- 
lates are more prevalent on the Continent. 
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The wholesome beverages made from the cocoa- 
bean are coming more and more generally into use. 
We consume now between three and four million 
pounds of the bean annually. 

Sugar and Treacle. — The invaluable substance, 
sugar y is derived from many different sources, among 
wWch are beet-root, maple-juice, palm-juice, honey, 
milk, birch sap, sycamore sap, grapes, figs, dat^, 
plantain, and liquorice. But the great supply for the 
English market is derived from the sugar-cam, the 
Saccharum of botanists. The saccharum is a plant 
widely diffused throughout the hot regions of the earth, 
and is very beautiful when in full growth. It was first 
cultivated in Asia, whence it spread to other quarters 
of the globe. New plants are usually obtained by 
slips or cuttings, consisting of two or three of the 
upper joints of a full-grown cane. The slips are 
planted horizontally, in holes or in trenches ; and in 
a week or two, sprouts make their appearance above 
the surface of the ground. The canes are ready to 
cut when they are dry and smooth on the outside, 
and when the soft pith is full of sweet sap. Their 
height varies from eight to twenty feet, with promi- 
nent joints at intervals. In the &st season after the 
planting they are called plant canes ; but when two 
or more successive crops are raised from the same 
roots, all after the first are called rattoons, ' Under 
cdreful management rattoons have been obtained 
twenty years in succession. 

When the cones have been cut down near the 
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ground the tops are removed, and t^e rest, divided 
into pieces, are tied up in bundles, and carried to the 
sugar-mill. The juice is here crushed out of the 
canes by mills of different kinds — sometimes a sort 
of pestle and mortar, sometimes a vertical wheel 
inmning round on a platform, sometimes rollers of 
wood or iron working against each other. The juice 
is received in vessels beneath the mill, and the 
spent canes, funder the name of megass, or trash, are 
u^ as fuel. 

The nelt process is to obtain the sugar from the 
juice. This juice is an opaque, thick, sweet, olive- 
green liquid, which will spoil within an hour unless 
subjected to further processes. It is admitted into 
large open pans called clarifiers; a httle hme- 
water is added; and the mixture is heated nearly 
to the boiling-point. A scum rises to the top ; the 
fire is allowed to die out ; and after reposing some 
time, the juice — bright, clear, and olive-coloured 
— is drawn off from beneath the scum. From the 
clarifier the juice passes to another vessel called the 
evaporator, where it is boiled to send off tfie watery 
portion. It now changes its form to a thick adhesive 
syrup. This syrup is conveyed into vessels called 
coolers, where it remains until it becomes a soft mass 
of crystals imbedded in a thick viscid liquid. The 
crysials are su,gar ; the viscid liquid is molasses. 
The mixture is teien to the curing-house, where it 
i^ put into casks having small holes in the bottom, 
mth a plantain-leaf in each hole. The molasses 
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gradually drains away through the holes, leaving 
granulated raw or moist sugar in the casks. 

Some kinds are prepared into what are called 
clayed or Lisbon sugar ; but in England, nearly all 
that is not used in the moist brown state is converted 
into refined y lump, or loaf sugar, by a series of re- 
markable processes. The brown sugar, as imported 
in hogsheads, is put into a .large vessel ; water, and 
a few clarifying substances are added ; and the 
whole is heated by steam. The hot mixture passes 
into a series of cloth filtering-bags, and flows out as 
a clear, transparent, but reddish liquid. It then 
passes through a very thick layer of powdered char- 
coal, and comes out as clear and colourless as water. 
To bring this sugar-syrup to the state of real sugar, it 
is boiled in a vessel called a vacuum-pan, and made to 
flow into another vessel as a thick liquid, which cools 
down to a viscid mass of crystals. This mass is 
poured into conical moulds, each of which has a 
small hole at its ‘apex or point, which is turned 
downwards ; the liquid portion of the mass slowly 
oozes out, leaving the sugar in the form of a 
white crystalline solid, the well-known sugaf-loaf. 
The thick liquid which flows from the moulds is 
Treacle, very sweet, but uncrystallizable. 

Sugar-candy (so named from the Hindu appella- 
tion, shukur kund) is a substance in which the 
sugar has been allowed to crystaUize upon strings 
into curiously-shaped masses, instead of in moulds. 
In England it is only made as a sweetmeat ; but in 
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India and China it is regarded as the best kind of 
refined sugar. 

Nearly all classes in England spend a portion of 
their means, be it little or [much, in purchasing the 
commodity •with which pastry, confectionery, and 
beverages are sweetened. The consumption of sugar 
in the United Kingdom is now ten million hundred 
iveight, or considerably over a thousand million 
pounds, annually. 

4. Otheu Colonial Puoduce. 

A little must be said concerning Tobacco and 
Spices, Tobacco is certainly not a food, in the 
ordinary sense of that term ; yet it affects in various 
ways the diet and beverages of millions of ‘men; and 
under any aspect it is a commodity which must not 
be left unnoticed here. As to Spices, which might 
or might not bo included under Grocery, they 
must be briefly treated as articles of colonial pro- 
duce. 

Tobacco and Snuff. — Tobacco is the leaf of a 
plant called by botanists Nicotiana, the chief species 
of which is the Nicotiana tahacum, or common Vir- 
ginia tobacco. The plant gro'ws in various coun- 
tries ; but the Southern States of America are those 
in wHch the cultivation is most extensively carried 
on. Much care is required in the field-operations. 
The seed is so'wn in prepared seed-beds, and the 
young shoots are transplanted at a proper season to 



TOBACCO OATHEEIKO AND PACKINO. 47 

n^ow beds of rich earth. Everything is made sub- 
servient to the production of ten or twelve large fine 
leaves, on a stem from three to six feet in height. 
If the tobacco is planted in May, it is fit for gather- 
ing in September ; and all must be gathered before 
the slightest symptom of frost appears. The whole 
plant is*cut down, close to the grohnd ; and when it 
has had time to dry in the open air, the leaves are 
stripped from the stem. They are sorted into kinds, 
according as they grow on the top, the bottom, or 
the middle of the stem. Ten or twelve leaves being 
tied together into a bundle, they are again dried, 
and packed carefully and closely in large hogsheads, 
containing ten or twelve hundred pounds each. In 
these hogsheads the tobacco is brought over to 
England. 

Some kinds aro not packed in this way. The 
leaves, placed together in bundles, are bound very 
tightly when the air is moist, and aro exported 
without being put into casks. 

When hogsheads of tobacco reach England, they 
remain under the custody of the Custom-house oflS.- 
cers until the duty is paid. If the tobacco has been 
injured by the sea-voyage, the owner would rather 
lose it altogether than pay the duty, which is much 
higher than the value of the tobacco itself; and 
hence there are the means, in the Queen's ware- 
hotises at the various docks, of burning damaged 
tobacco — tobacco on which the owner will not pay 
the duty, and which the Customs oflScers will not 
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allow to leave the warehouse unless the duty be. 
paid. 

The tobacco, when sold by the importers, passes 
into the hands of manufacturers, who bring it into 
the various forms required by the retail consumers. 
These forms are — ^tobacco for chewing, tobacco 
for smoking in "pipes, cigars, and snu£ The 
compact masses of leaves are dug out of the hogs-r 
head, sprinkled with water, and separated leaf from 
leaf. For most kinds of tobacco, the stalk is sepa- 
rated from the leaf ; but the kind called lird's-eye is 
produced by shredding up stalk as well as leaf. The 
leaves are pressed together into a flat compact mass, 
and shredded into fine filaments by means of cutting 
machines. The different sorts of smoking-tobacco, 
called shag, returns, hird's-eye, Cavendish, &c., owe 
their qualities to many different circumstances — the 
quality of the plant itself, the nature and richness of the 
soil, the retention or rejection of the stalk with the leaf, 
the degree to which the leaves are moistened previous 
to the shredding, and the fineness of the shredding. 

Cigars are made by rolling up tobacco-leaves 
into small oblong masses. Much art is requisite 
in doing this well, so as to make them of equal 
hardness throughout. Cheap cigars have the inte- 
rior made of the commonest tobacco — sometimes not 
tobacco at all, but some other leaf made to imitate 
it. Foreign cigars pay an enormous duty when im- 
ported into this country, — ^no less than nine shillings 
per pound. 



SNUFP-MAKINa ; SPICES AND CONDIMENTS. 49 

Snuff is made chiefly from the stalks of the plant, 
stripped from the leaves, dried, ground into powder, 
and sometimes scented. Some kinds consist wholly 
of stalk, some wholly of leaf, while others are a mix- 
ture of the two. The degree to which the tobacco is 
dried before grinding exerts much influence on the 
quality; those snufis which are high-dried having 
a sort of scorched odour peculiar to themselves. 

We consume about thirty-five million pounds of 
tobacco yearly— ^a large quantity, certaMy, of a 
commodity that is in no sense a necessary of life. 
Yet there is reason to believe that, in the last 
century, the consumption per head was greater than 
it is now. 

Spices and Condiments. — A few of the principal 
spices and condiments may now be noticed, just suiffi- 
ciently to show the main differences between them. 

Cinnamon grows chiefly in Ceylon. It is the inner 
bark of a tree called the Laurus cinnamomum, which 
grows to a height of twenty or thirty feet. The 
leaves, flowers, footstalks, and berries, all emit the 
well-known cinnamon odour; but the tree is so 
cultivated as to throw the aromatic quality chiefly 
into the inner bark. The shoots are cut oft* at a 
particular period of growth, and the bark peeled 
from them. The bark is a pale yellow substance, 
not much thicker than parchment. The pieces, 
after being dried in the sun, are put the smaller 
within the larger, so as to form pipes or rolls. 
Cassia^ like cinnamon, is the bark of a plant grow- 

1 ) 
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ing in tropical climates, and is gathered and pre- 
pared nearly in the same way. Cloven are the 
berries of a tree, the Caryophillus aromaticus, grow- 
ing chiefly in the Molucca islands. The calyx, with 
the embryo seed, are beaten from the tree when at a 
particular stage of ripeness ; and these, wh^ dried 
in the sun, form the cloves of the shop. The whole 
tree is highly aromatic; but the berries are most 
rich in a peculiar essential oil, to which the fra- 
grance is chiefly due. Nutmegs are the nuts or fruit 
of a plant, the Myristiea mosehata, growing abun- 
dantly in the Spice Islands of the East. And the 
same tree produces also mace, which is a mem- 
braneous skin covering the thin black shell in which 
the nutmeg is contained. Nutmeg and mace toge- 
ther are imbedded in a pulpy substance forming the 
fruit of the tree. At a particular stage of ripeness 
the fruit bursts, and then the spices are gathered. 
The mace, presents a kind of leafy network of a light 
red colour; it is laid out to dry, then packed in 
bags, and pressed very tightly for the market. The 
nutmeg has a shell larger tod harder than that of a 
filbert. The nuts are dried, first in the sun tod 
then over a fire ; and when broken, the kernel is 
extricated from the shell. Pepper is the small berry 
of a plant, the Piper nigrum^ growing in many 
parts of the East. The plant is about four years^ 
old when the berries begin to be fit for gathering. 
When gathered and dried upon mats, the berries 
constitute the hlmk pepper of the shops ; but when 
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steeped in water to remove the outer husk, the 
interior becomes white pepper. The taste is beheved 
to be chiefly due to a kind of resin formed in the 
berry, and the odour to a volatile oil. Allspice is 
the popular name for a berry known in commerce as 
pimento, and sometimes (from the place of its 
growth) Jamaica pepper. Its popular name is 
supposed to have been derived from the circumstance 
that the berry comprises the qualities of all, or at 
least many, of the spices^ The allspice tree is the 
Eugenia pimento. The berry, about the size of a 
pea, contains two dark-brown seeds. The seed and 
the husk of the berry both possess an aromatic 
stimulant property, midway between those of pepper 
and cloves. Qinger is the root of a plant called the 
Zinztber officinale, growing in many tropical coun- 
tries. The plant has a perennial root, which creeps 
and increases underground in tuberous joints^ from 
each of which arises in the spring a green reed-like 
stalk. Black and white ginger are from the same 
plant ; they differ only in preparation. The tubers 
or roots are taken up after tiie annual stalks have 
withered ; they are scalded in boiling water, dried in 
the sun, and then constitute black ginger. To 
obtain white, the tubers are scraped clean and dried, 
without being scalded. Capsicum is the green pod 
of an Indian plant, now acclimatised in England. 
There are several kinds, called Guinea pepper, 
cherry pepper, hell pepper, &c. It is not exactly a 
spice, but the green pods are used for pickling. 

D 2 
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While on the subject of these spices it may be as 
well to mention that the numerous culinary 'oegda- 
hies, fruits, seasoning herhs, and salads, which form 
such important additions to English household econo- 
my, are not of a nature to call for description in this 
work ; their culture belongs to ordinary gardening, 
the general nature of which is pretty well understood 
by most persons. 

5. Malt Liquors and Vinegar, 

Many of the substances described in the last two 
sections, indeed most of them, are valuable to us 
chiefly in the preparation of beverages. Still more 
is this the case in reference to those about to be 
noticed. Malt is prepared, hoj^s are grown, and 
both are bought and sold, almost entirely for the 
heer and ale brewed from them. It will also be seen 
why vinegar comes into this section. 

Malt and Malting. — Malt is the principal 
source of all kinds of beer and ale ; seeing that those 
beverages depend chiefly on something which is con- 
tained in the malt. True, this something exists also 
in raw or unmalted grain, but not in so convenient 
a state for development. When the starch of any 
kind of grain is converted into sugar, thal grain 
then becomes malt ; and the process of managing 
this change, in reference to barley, constitutes 
malting. 

In a malt-house, barley is steeped in water for 
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two days or more ; it swells by imbibing moisture, 
and becomes half as heavy again as before. When 
the steep-water has been drained off, the wet barley 
is emptied out upon the malt-jloor^ where it is 
spread in a couch or layer fifteen or twenty inches 
deep. During several days, the grain is frequently 
turned and spread out with wooden shovels ; until 
at length the layer is only a few inches in depth. 
The grain becomes warmer and warmer, and certain 
changes occur in its nature. There is a particular 
stage of this change, which is found best for the 
purposes of the brewer ; and it is the maltster’s 
business to check it at this stage. The grain is 
taken from the malt-floor, and placed in a malt-hihi, 
where it is dried. By this time the starch or mealy 
portion of the grain has been converted into sugar, 
and the barley has become the mawkish sweet sub- 
stance called 7nalt 

Brewers distinguish between jpale or amheVy hrotmi 
or hlown, and Hack or roasted malt. The pale malt 
gives strength to beer or ale, the brown gives flavour, 
and the black gives depth of colour. The pale is the 
most important of the three. All kinds of grain can 
be malt^, but barley is the best fitted for this pro- 
cess and the subsequent brewing. 

About forty million busl^ls of barley are now 
annually converted into malt in the United King- 
dom. 

Hops and Hop-picking. — The remarkable and 
beautiful hop plant belongs to the genus Eumulus 



54 HOP-aABDBNS AND HOP-GROWINa. 

superbus, growing in many parts of Europe and 
America. What we call hops are only the female 
flower of the plant, sometimes called cones or catkins ; 
and it is to obtain these that the hop-culture is carried 
on. A very precarious culture it is, on account of 
the many sources of injury to which the plant is sub- 
ject. A rich mellow soil, an aspect open to the 
sunny south, pure air, and careful attention, are 
necessary to the production of a good field of hops ; 
and even then, unforeseen visitations will sometimes 
bring the field nearly to ruin, as was the case in 
most parts of England in 1860. 

The plant is raised either from seeds, or from 
young shoots taken from the bottom of the stems of 
old plants. When the ground is prepared, wide 
deep holes are dug six feet apart, in rows also six feet 
apart; and three young plants are placed in each 
hole, at a small distance asimdor : the remainder of 
each hole being filled up with very rich soil. A 
stick is fixed in the centre of each hole ; and around 
this stick the bines or stems of the tender plants 
entwine as soon as they begin to grow. By careful 
attention, a few flowers may bo picked the first year ; 
but in general there is no hop-picking till the second 
year. In the intermediate winter, the root of each 
plant is protected by a Jittle mound of earth. Early 
in the spring the mounds are opened, and the wants 
of the young plants carefully attended to ; and at the 
same time hop-poles, twelve or more feet in height, 
are substituted for the short sticks., Much turning, 
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digging, examining, weeding, and hoeing are neces- 
sary during the season. Under fiivonrable circum- 
stances, about 4 cwt. per acre of hop flowers may be 
obtained in the second year, and from 8 cwt. to 
15 cwt. in the third. 

. It is a pretty sight when the hop-picking season 
arriyes. About September, when the flower presents 
a fine straw colour, just beginning to turn brown, it 
is ready for picking ; and then all hands are in requi- 
sition. In the hop counties, chiefiy Kent, Sussex, 
and Worcester, there are not labouring hands enough 
obtainable in the vicinity for this duty ; and strangers 
arrive from other places, attracted by the compara- 
tively high wages oflered. Barns and sheds are 
hastily* fitted up for their reception, and food and 
drink are supplied to them in order that they may ’ 
have long days of steady work. The picking is thus 
conducted. Each pole in turn is dragged out of the 
ground, and rested obliquely on a frame or bar called 
a hirby which has a canvas bag suspended open 
beneath it. Men and women, boys and girls, pick 
off the flowers, and drop them into the bag. Some- 
times they make no selection; but in other hop- 
gardens they are expected to separate the flowers into 
two or three distinct heaps, according to colour, size, 
and general appearance. ^ 

When picked, the hops are brought into a building, 
where they are dried on a hair-cloth in a kiln, until 
just such a stage when the leaflets become brittle 
and rub off easily. They are then pressed into sacks 
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with great force ; the finer kinds into poclcets of 
1 J cwts. each, the coarser into hags of cwt. 

As this very fluctuating crop varies in quantity from 
1 cw:t. to 20 cwt. per acre, the hop-grower is kept in 
much UQcertainty throughout the greater part of the 
year ; and this uncertainty induces a species of 
gambling in the trade, besides great variations in 
price. The use of the hop, as we have implied, is 
mainly for brewing. It imparts a pleasant bitter to 
beer ^d ale ; it gives an aromatic flavour ; it makes 
the liquor fine and clear ; and it fits ^the beverage 
for long keeping. No other plant or herb is known 
which has so many properties fit for these purposes as 
the hop. 

Beer and Alk — Whoever brews a good cask of ^ 
beer or ale is a chemist, whether he knows it or not ; 
for much chemical nicety is called for in the opera- 
tion. These beverages are brewed chiefly from malt, 
hops, and water. A kind of sugar is extracted from 
the malt, and is converted into an imperfect alcohol 
or spirit ; this spirit, by further operations, and by 
the addition of extract of hop, becomes beer or 
ale. 

The malt is selected according to the required kind 
of beverage — pale for the finest ale ; pale, with a little 
brown, for common ale ; and pale, with brown and 
black, for beer, porter, and stout. The malt is 
crushed or ground fine or coarse, according to the 
nature of the beverage to be brewed. The ground 
malt is placed in a large wooden vessel called a mash- 
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tan, having a double bottom, the upper one being 
pierced with holes. Hot water is introduced, and 
the malt and water kept well stirred for a considerable 
time. The water, which has become sweet by ex- 
tracting the sugar from the malt, is allowed to settle, 
and is then drawn off in the state called wort. The 
wort is made to flow into a copper, where hops are 
added, varying from four to thirty pounds to a quarter 
of malt. When the hops have been boil^ and 
stirred well up with the wort for some time, the 
whol6 contents of the copper are pumped into a large 
vessel called a hop-haeh, where the hquor drains 
through a perforated bottom, leaving the hops 
behind. The liquor is cooled either by being spread 
in a thin layer exposed to a current of air, or by 
passing through pipes exposed on the outside to a 
current of cold water. Prom the cooler the hquor is 
conveyed to a large vessel called the fermenting tun. 
The peculiar substance called yeast is added in small 
quantity ; the wort undergoes an agitation through- 
out its whole mass ; and the sugar contained in it 
gradually changes into a kind of spirit or alcohol. 
This process is stopped at a particular stage, by the 
drawing off of the Hquor into smaller vessels, and 
the clearing away of the yeasty scum or froth. By 
insensible degrees the liquor changes its character 
from sweet-wort to beer or ale. To improve this 
malt-Hquor in various ways, it is transferred from 
the smaller vessels into a large tank, thence into 
large vats for storing until wanted, and thence into 
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the casks in which it is sold. The fining or clarify- 
ing is generally effected in the cask ; isinglass, or 
some other substance, thrown into the beer or ale, 
clears it from impurities, and renders it bright and 
transparent. 

The porter breweries of the metropolis are among 
the largest manufacturing establishments in the 
kingdom. Some of them, such as Messrs. Barclay’s 
and Messrs. Hanbury’s, consume a hundred thousand 
quarters of malt in a year, and possess vats capable 
of containing a hundred thousand gallons. The ale 
trade of Burton, such as that of Messrs. Bass and 
Messrs. AUsopp, is also conducted on a very large 
scale. It is supposed that about six hundred million 
gallons of beer and ale are annually brewed in the 
United Kingdom. 

Vinegar and ViNEOAB-MAKiNa. — This liquid, 
rather a seasoning than a beverage, is related to beer 
in two ways — both are or may be made from grain, 
and both undergo fermentation. Vinegar, however, 
is a more remarkable liquid than beer or ale ; for it' 
can be made from raw grain," malted grain, sugar, 
molasses, treacle, wine, beer, ale, cider, or perry. 
Indeed, whatever contains sugar, or starch that may 
be converted into sugar, can be made to yield vine- 
gar. English vinegar-makers mostly employ malt. 
The malt is brewed into sweet-wort, almost exactly in 
the same way as for making beer and ale ; but the 
wort, instead of being boiled up with hops, as in brew- 
ing, is at once cooled, and transferred to fermenting 
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vessels, where, by the aid of yeast, it is made to 
ferment. The brewer’s fermented liquor is beer or 
ale ; but the vinegar-maker employs the appellation 
ffyle. The gyle, after giving off a Sediment and a 
froth, is made to flow into casks, where it gradually 
acetifies, or becomes converted into vinegar. During 
a period of several months, the gyle is acted upon 
by the oxygen of the air, through the open bung- 
holes of the casks ; a chemical change gradually goes 
on, and the imperfect beery quality of the gyle 
changes to the acid quality of vinegar. Singularly 
enough, the same effect may be produced by placing 
the casks in a close room heated to a high tempera- 
ture. It seems as if the required change depended 
on the access of air, whether the air be hot or cold. 
There are only a few vinegar works in and near Lon- 
don ; but the strong acetic odour from those works 
(wholesome, though not always pleasant,) is percep- 
tible all around. A&ei stovingi ox fielding^ as the hot 
air and cold air processes are called, the vinegar is clari- 
fied or brightened, and then put into casks for sale. 

6. Wines, Spikits, and ErrEuvEsciNa Dmnks. 

It is a beautiful exemplification of nature’s che- 
mistry that, as has already been shown, the selfsame 
com that yields our loaves of bread will, when differ- 
ently treated, yield the beverages beer and ale ; and 
that another modification wiU result in the produc- 
tion of wholesome antiseptic vinegar. Wo shall now 



60 


THE VINEYARDS OF THE SOUTH. 


see that ardent spirits, the source of so much misery 
to reckless persons and their families, are also ob- 
tained mainly from com. It will be convenient in 
this section to compare three kinds of beverages — 
the vinous, the alcoholic, and the effervescing. 

Wines, Foreign and British. — Wine is in almost 
aU cases produced from fmit, and true wine from 
one particular kind of fruit — the grape. Various 
species of grape are specially cultivated for this pur- 
pose ; and the quality of the wine produced depends 
on a wonderful number of minor circumstances con- 
nected both with the cultivation of the grape and 
the operations of the vintage. 

Let us select Sherry as an example, from which 
some idea of the whole group of wines may be formed. 
Sherry is the principal wine of Spain, deriving its 
name from Xeren, the chief town of the wine-district, 
not far from Gibraltar. Some of the firms at this 
place possess cellars containing three or four thou- 
sand butts of Sherry always in store. At the prin- 
cipal vineyards, the vines are planted about five feet 
apart. During the early part of each y^r, great 
attention is bestowed on the growing plants, in 
pruning, loosening the soil, weeding, cutting off 
useless sprouts, removing or killing insects, and 
driving in stakes to support the coming crop. The 
grapes are allowed to hang till perfectly ripe, which 
generally occurs about the middle of September. 
They are picked carefully and carried away in baskets 
to the building where the wine is to be made. 
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In the making of Sherry, the grapes are first ex- 
posed for a day or two to the heat of the sun, and 
then thrown into a large square wooden trough. * A 
coarse wooden screw, worked by a lever, stands in the 
centre of the trough. Men with wooden shoes get 
into the trough, and jump violently on the grapes, 
crushing them into a pulp, and then heaping them 
up under and around the screw. The lever being 
worked, the pulp becomes violently compressed by 
the screw, and the juice, or musty flows through holes 
into vessels beneath. The skin and husks, after 
having had water added to them, are again pressed, 
to produce wine of inferior quality. The must is 
allowed to undergo a fermentation, which converts it 
into wine, and the careful management of which is 
essential to the good quality of tho wine produced. 
The difference between light and hrown Sherry 
depends partly on a difference in the quahty of 
grape, and partly on a different mode of treatment. 
The wine is stored in casks, which are ranged 
according to the age of the vintage. The older the 
wine, the higher is the price obtainable for it. The 
merchant takes a little old wine from one cask, to 
improve the quahty of that in another, and then 
immediately fills up the vacancy ; so that the choice 
casks are always full of old wine. A cask of Sherry, 
said to be fifty years old, may thus contain wine of 
thirty or forty seasons. 

The various kinds of vrines — such as Sherry, Port, 
Madeira, Claret, Burgundy, Champagne, Hock, 
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Moselle, Marsala, Tokay, Cape, &c.— owe their 
distinctive properties to many different circum- 
stances : such as the kind of soil, the species or 
variety of grape, the aspect of the country, the mode 
of cultivation, the process of fermentation adopted, 
and the cellar management. SomOj such as Port 
for the English market, are made stronger by the 
addition of brandy. Until 1861 , England was 
almost wholly dependent for wine on Spain and 
P9rtugal, the countries of Sherry and Port, owing 
to defective commercial and Custom-house treaties ; 
but now light and wholesome French wines are 
obtainable at reasonable prices. The casks in which 
foreign wine is brought to England have different 
capacities and different names. Thus, a huM of 
Sherry is one hundred and eight gallons, a pipe of 
Port is one hundred and fifteen gallons, a pipe of 
Madeira ninety-two gallons, and a hogshead of 
Claret about sixty gallons. 

British, or Some-made wines, known to the 
excise officer as sweets, are not properly wines. 
They are made fix)m fruits of various kinds, the juice 
of which is obtained by pressure, and after a slight 
fermentation and fining, is flavoured by the addition 
of sugar and various herbs and seeds. Such wine is 
made in England for sale at a price intermediate 
between those of ale and spirits ; and it is also 
largely made by country families "^or domestic con- 
sumption. The wines are made from a considerable 
number of vegetable, substances, including dried 
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fruiif such as raisin, fig, and date ; fresh fruit, 
such as gooseberry, currant, cherry, raspberry, mul- 
berry, strawberry, apple, elder, whortleberry, grape, 
damson, buUace, apricot, orange, juniper, lemon, 
peach, and quince ; roots, such as rhubarb, ginger, 
celery, parsnip, turnip, and beet ; and flower and 
sap, such as cowsHp, elder-flower, rose, clove, gilli- 
flower, violet, carnation, lavender, primrose, balsam, 
pine-apple, and birch. 

Cider and Perry might either be regarded as 
apple and pear wine, or apple and pear heer ; for 
they occupy a position midway between the two. 
Cider is thus made. The apples are placed in a 
stone trough, and crushed to pulp by a heavy stone 
runner or roller; the pulp is placed on horsehair 
cloths, which are made up into bags. Several of such 
bags are placed one upon another, and pressed 
heavily with a screw-press. The thick brown juice 
which exudes from the bags is received in vessels, 
where it is exposed to the air for two or three days ; 
it ferments, and deposits a sediment, leaving clear 
cider at the top. The cider, after racking, fining, and 
keeping, is ready for use. Devonshire and Hereford- 
shire are the chief cider counties, producing bever- 
ages which differ in quality according to the kind of 
apples employed. Cider is drunk very largely in and 
near the counties where it is made, but o^y to a 
limited extent in other parts of England. Perry 
bears the same relation to pears that cider bears to 
apples, and is made nearly in the same wayt 
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Spirits, Foreign and British. — There is, as we 
have stated, a strange connexion between bread, 
leer, vinegar and spirits : utterly unlike as they are 
in appearance, and greatly as the first differs in 
quality from the other three. 

All kinds of grain and many kinds of root and 
fruit will produce spirit, as also will sugar. Brandy 
is obtained from wine and grape husks, rmn from 
sugar and molasses ; whishey, gin, and hollands, from 
com. The com may be wheat, rye, barley, or oats ,* 
it may bo malted or unmalted ; and it is a manufac- 
turer’s question to determine which will best suit his 
purpose. The com is ground or crushed, just as for 
brewing ; it is mashed with warm water into a sweet 
liquid, and the liquid exposed to femientation, just 
as for brewing ; but hero the similarity ends. In- 
stead of being boiled with hops to make beer, the 
fermented liquor is distilled, to change it into spirit, 
or rather, to extract the spirit from it. The wort or 
sweet liquor is fermented with ivash, which is poured 
into large copper stills. These stills are closed 
when the wash has been poured in, and Tiave then 
no other aperture than a pipe through which vapour 
can pass. Water becomes steam at a temperature of 
21 2 ^ whereas spirit becomes vapour at so low as 
18ff^. This will give a clue to what occurs within 
the still. By keeping up a certain heat the distiller 
can send off from the stiU all the vapour of the spirit 
in the wash, and as much or little as he pleases of 
the steam or ^vatcry vapour. The vapour passes 
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from the still into another vessel, where it cools 
down into a liquid, which is weak spirit. This 
hquid, by one or more subsequent distillations, may 
be procured of any required strength. The 8j:?eu^ 
wash, remaining in the still after these processes, is 
useful as a fattening diet for swine. 

Thus is produced raw spirit, as it is called in 
England ; whisky in Scotland and Ireland ; hollands 
in the Netherlands. The different qualities depend 
on a multitude of varying circumstances, in the 
materials used and tlie processes followed. All the 
various liquids called gin, British hrandy, British 
rum, and cordials, are made from this raw spirit by 
redistillation with water, and with the addition of 
various seeds, herbs, fruits, leaves, and flowers. This 
secondary operation is called rectifying. 

Brandy is made in most wine countries, such as 
France, Spain, and Portugal; that from France, 
especially the town called Cognac, being the most 
esteemed. Not only is the wine itself distilled, but 
also the marc, or residue of the last year’s pressings 
of the grape. The best Cognac brandy is obtain^ 
by a peculiar mode of treating a certain white wine 
made in the neighbourhood. Brandy is white when 
first distilled ; it darkens by keeping, and is pur- 
posely made darker by the addition of burnt sugar 
and other substances. Potato brandy, carrot brandy, 
heet brandy, and pear brandy are also made, but they 
retain the flavour of the substances from which they 
are made. 
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Bum is distilled from tlie sugar-cane juice, from 
the skimmiugs of the juice in the boiling-house, pr 
from treacle or molasses. When the rum manufac- 
ture and the sugar manufeeture are carried on in the 
same establishment both are rendered more profitable ; 
and thus the same colonies that send us sugar also 
send us rum. The best rum is made from molasses ; 
about a gallon of the former from a gallon of the latter. 

The annual consumption in the United Kingdom 
is now about twenty-five million gallons of British 
spirits, and five milhons foreign. The foreign wine 
consumed by us is about eight million gallons 
annually. 

Effervescing Drinks.— Several well-known be- 
verages are neither infused like tea nor decocted like 
coffee, neither fermented like beer nor distilled like 
spirits. They depend for their qualities partly on 
their taste, and partly on a sparkling effervescence 
which they exliibit when poured out into a glass. 
Soda-waier, ginger A)eeT^ and lemonade are the best- 
known examples of this class. The names of all 
three denote the substances to which the flavour is 
chiefly due, while all owe their sparkling quality to 
the action of carbonic-acid gas. There are many 
methods of producing each of the three ; but in every 
case there is in a closed bottle of the beverage a 
certain quantity of carbonic-acid gas struggling to 
escaj>o, and the action of this gas, bubbling up 
through the liquid when poured out into a glass, 
imparts to it that sparkling, effervescent, or aerated 
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quality which is so much relished, especially when 
the beverage is taken in warm weather. In making 
soda-water for sale, apparatus of considerable strength 
is employed, on account of the bursting tendency of 
the gas when confined in bottles. It may be men- 
tioned, as among the many curiosities of the Great 
Exhibition at Hyde Park, in 1851, that more than 
one million bottles of effervescing drink were con- 
sumed within the building ! 

Thus have we traced, in a very slight way, some 
of the most interesting facts connected with the 
growth and preparation of the substances used for the 
food and beverages of man. The gifts of Providence, 
in this way, are as beautiful as they are bountiful. 
And if wo watch the industrial proceedings of society, 
especially in a highly civilized state, we shall be 
struck with the vastness of the arrangements con- 
nected with this food question. The area of ground 
occupied in the production of food, the number of 
persons employed, the various kinds of skill required, 
the ingenious construction of the necessary imple- 
ments and machines, the amount of capital involved, 
the manufacturing establishments buUt for the operas 
tions, the modes of conveyance from place to place, and 
the arrangements for wholesale and retail trading — 
all are more extensive than would, at first thought, 
be generally supposed. Few there are, indeed, who 
are in the habit of reflecting how greatly these 
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matters occupy tlio thoughts of all around us. Tlie 
strivings, the successes, the failures to obtain daily 
sustenance, occupy far more of the thoughts of man- 
kind than any other subject whatever. It might 
possibly be surmised that men of thought, feeling, 
lofty aspiration, refinement of sentiment, should be 
exempt from this general characteristic ; and this in 
some cases is tnie. But let such a man have his 
little ones around him, whose daily wants need a 
daily supply ; then he, like other men, bends his 
lofty spirit to the practical aflfairs of home life. It is 
hard work to be a sublime poet or a deep philosopher 
when the cupboard is bare ; the man himself feels 
this, and feels it all the more acutely if there are 
others dependent on him. The exceptions are just of 
such a kind as to prove the general rule : our daily 
exertions relate to daily food more extensively than 
to any other subject whatever. 
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CHAPTER II. 

THE MATERIALS FOR CLOTHING. 

Another of the great necessities of mankind, cloth- 
ing^ one which distinguishes human creatures in so 
remarkable a way from all the lower animals, now 
claims attention. Here manufacturing, properly so 
called, is more indispensable than in the prepara- 
tion of food ; more processes and tools, more machines 
and engines, are needed. The subject is a large one, 
and can only be touched in its principal points. The 
fibres which are woven into dress-materials, such as 
cotton^ flax, wool, alpaca, and silk ; leather, gutta- 
percha, and india-ruhher, for subsidiary articles of 
clothing ; fur and straw-plait for hats and bonnets : 
feathers and artificial flowers for ornament: these 
are the subjects which will rapidly pass under our 
notice. 

1. Cotton, its Growth and Manufacture. 

Various circumstances have rendered xotton the 
most important of all materials for clothing at the 
present day. It has so many advantages, that a 
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larger and larger portion of the earth’s inhabitants 
are becoming clothed in cotton. Our own country 
derives support for so many thousands — even millions 
— from the cotton manufacture, that any deficiency in 
the raw material is regarded as a terrible evil. We 
have seen ample indications of this, in ^e stoppage 
of trade arising from the discord between the Slave 
States and Free States of America in 1861-2. 

Cotton Cultivation. — Cotton is a delicate fibrous 
substance, enveloping the seed of a particular genus 
of plants, the gossypium or cotton-tree. There are 
many different kinds, the fibres being longer and 
more silky in some than in others. The tree grows 
to a height varying from three to twenty feet. When 
at its prime, the seed-vessel contains three or more 
lobes or cells ; in each cell there is a seed ; and the 
cotton-fibres fill up all the space between the seeds 
and the seed-vessel. The long silky-fibred cotton, 
used by the spinners and weavers of fine muslin, and 
called sea-island cotton, is grown near the sea-shore 
of some of the American States ; but the shorter and 
coarser fibres, often called upland, and grown in the 
interior, are much more extensively useful, being 
made into calico, chintz, gingham, printed cottons, &c. 
Brazil, Egypt, and Lidia are the other chief sources 
of supply ; but it is probable that, in future years, 
om: spinners will be supplied from many additional 
places. 

The general operations. in a cotton-fieldfare nearly 
as follow : The seed is sown in' spring ; and when 
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the young plants appear above ground, much atten- 
tion is paid to the hoeing and weeding. When 
August arrives, the bolls or tufts of cotton are found 
to be ready for picking. The planter endeavours to 
complete the picking just before the frost of winter 
begins to show itself. The negroes (for four-fifths 
of all the cotton used in Great Britain is the product 
of negro-labour), pick the cotton in a very simple 
way. They fasten bags round their waists, walk 
along between the rows of plants, pick the bolls, 
throw them into the bags, empty the contents of the 
bags out upon a sheet, and finally carry the laden 
sheet to the weighing-house. A good hand will 
pick one hundred-and-fifty to two hundred pounds 
in a day. About three hundred bolls, weighing a 
little over three pounds, is a fair produce from one 
tree in each season. 

The cotton, when picked, comprises seed as well 
fibre ; one-third only of the weight is available ; the 
remaining two-thirds must be got rid of. A machine 
called a gin is here brought into use, Keyolving 
teeth or spikes open the tufte of cotton, and shake out 
most of the seeds and small particles of dirt. The 
more completely this is done, the higher price will 
the cotton fetch in the market ; it is better attended 
to in America than in India, and this is one reason 
for the higher favour in which American cotton is 
held. After the ginning or cleaning, a screw-press is 
employed to condense or pack the cotton into bales 
averaging about four hundred pounds each ; and 
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these Imles are then shipped to Lirerpool and else- 
where. 

It is in the above way that the United States alone 
have produced, year after year, the marvellous quantity 
of three million bales, of four hundred pounds each, 
far exceeding a thousand million pounds of cotton ! 
All the cotton worked up annually into calico and other 
goods, in the mills of Europe and America, is believed 
to amount to more than double of this quantity. Our 
own country alone, in 1860, worked up nearly a thou- 
sand million pounds. These are indeed almost incon- 
ceivable quantities \ considering that each httle tuft 
or boll, weighing far less than a quarter of an ounce 
even with the seeds, has to be separately picked from 
the tree by hand. 

Cotton Spinning. — Supposing, now, that a bale of 
cotton fibres has been brought to Liverpool, or to 
Glasgow. It is to be converted into thread for 
sewing and lace-making, or into yam for weaving. 

When the bales are opened, the contents of two or 
more are mixed, to equalise the quality. Several 
layers are raked and turned over, until well min- 
gled. This mass is then scutched or willowed ; that 
is, it is exposed in a machine to the action of beaters 
or staves, which revolve rapidly, and open the tufts 
of cotton by repeated beatings. This done, it is next 
sj^read ; the cotton is spread out into a layer of 
definite length, breadth, and thickness, in order that 
there may be no irregularity in the subsequent opera- 
tions. This layer or lap of cotton', however, although 
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pretty eqtiable in tbickness, has the fibres crossing 
each other in every direction. To straighten them 
is the object of the next process, carding. Cylinders 
studded all over with sharp spikes are made to 
rotate rapidly, nearly in contact with another series 
of spikes by which the cotton is held ; as a conse- 
quence, the fibres are combed out straight, much on 
the same principle as hair is combed. The cotton 
leaves the carding machine as a beautifully soft fleece 
or layer, called a carding. This carding passes 
between rollers, so formed as to bring it to the state 
of a thick but soft cord, called a stiver. To render 
all the fibres still more parallel and equal, is the 
object of the process of dratving, during which several 
sets of rollers compress, draw out, and double the 
fibres over and over again. 

Down to the present stage, the fibres have not 
undergone any twisting. The mixing, scutching, 
spreading, carding, and drawing have by degrees 
brought the cotton to the state of a soft, delicate, 
even cord, possessing little or no strength. To give 
it strength, the cord is passed through a roving- 
machine, which slightly twists all the fibres. After 
this comes the important process of spinning. This 
spinning, conducted in various ways, is a combina- 
tion of drawing-out and twisting — drawing-out to 
bring the thread to any required degree of fineness, 
and twisting to impart the requisite strength. The 
spinster, or female spinner of primitive districts, 
both drew out and twisted the thread by her distaff 
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ixxA spindle ; the first form of spinning-wheel did 
the same more effectually ; the spinning-jenny, in- 
vented nearly a century ago, expedited the process 
by combining eight spinning-wheels in one; the 
spinning-frame went further, by combining the 
action of eighty or a hundred spinning-wheels ; the 
mule-jenny modified the process in such a way as to 
produce finer and softer yam than had ever before 
been made ; until at length the steam-worked spin- 
ning-machine triumphed over all mechanical difficul- 
ties, and afforded the means for spinning a large 
quantity of yam in a wonderfully short space of 
time. Eevolving bobbins, and cylinders, and stretch- 
ing-frames, combine to give the requisite drawing- 
out and twisting to the cotton. The yarn is made up 
into hanks of 840 yards, which receive designations 
according to the number of them to the pound ; 
thus, a hank of No. 40 contains 40x840 = 33,600 
yards, or about 20 miles of yarn. If the cotton is 
to be spun into thread for sewing, instead of yarn 
for weaving, it is rendered more hard and solid. 

Some of the kinds of yam now made are very much 
finer than No. 40 ; but even if that were taken as an 
average of the whole, the quantity of cotton now 
anntmUy worked up in the United Kingdom would, 
if made into such yarn, extend twenty thousand 
million miles, or more than two hundred times as far 
as the distance from the earth to the sun ! Such are ' 
among the wonders of our modern cotton-manufac- 
ture. 
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Cotton Weaving. — The varieties of cotton goods 
are almost endless ; nevertheless, if we can under- 
stand how calico is made, we may infer sufficient 
concerning the other kinds. 

To weave the better kinds of calico, the yam is 
singed ; that is, it is passed quickly over a series of 
gas-jets, whereby the little loose filaments on the 
surface are singed off. Next comes the dressing. 
This consists in applying to the yam a composition 
of starch, gum, flour, or chalk, in a semi-liquid state. 
The professed object is to facilitate the weaving pro- 
cesses, by strengthening and smoothing the yam ; 
but the makers of cheap calico unfairly employ a 
large quantity of the composition to give to the cloth 
an appearance of being stouter and heavier than it 
really is. 

In the ordinary or plain kinds of weaving, the 
warp or long threads are wound round a beam 
belonging to a loom ; while the weft or cross threads 
are wound on a revolving spindle in a little boat-like 
implement called a shuttle. A warping frame or 
machine is employed to wind the yam with the ut- 
most regularity around the beam: there being as 
many threads thus arranged as there are to be long 
threads in the cloth. From the beam, when in the 
loom, the warp-threads are stretched out in a hori- 
zontal layer, with certain apparatus attached, by 
j\rhich some of the threads can bo lifted up a little 
way at certain parts, and then lowered again. The 
weaver, seated at one end of the loom, goes through 
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a very singular series of duties. He puts bis foot 
upon a treadle or pedal, by which some of the warp- 
threads are lifted up, and others depressed ; the space 
between these two ^groups is called the shed. He 
throws the shuttle, say from right to left, through 
this shed, thereby passing a weft-thread across th^ 
warp. He moves with his left hand a frame called 
a latten, which drives up that weft-thread closely. 
He next reverses the movements of the treadle or 
shuttle, raises the group of warp-threads which he 
had before depressed, forms another shed, and throws 
the shuttle fr’om left to right. Every alternate thread 
is raised ; so' that by these successive alternations 
with the treadle, shuttle, and batten, the weft- 
threads become interlaced among the warp, forming 
with them a cloth or textile fabric. * 

Countless are the changes produced by varying 
the action of the several parts of the loom, and by 
using steam-power instead of the weaver’s hands and 
feet. If the threads be selected of different colours, 
there may be produced stripes, checks, and shots. If 
weft-threads cross the warp in an irregular, instead of 
a regular way, twills, diapers, and dimities may be 
woven. If both these conditions be followed, the 
weaver can produce sprigs, flowers, and spots, on 
the cotton goods. If ho would produce imitations of 
a velvety texture, as in cottoiiv-velvet, fustian, and 
velveteen, he so treats some of the warp-threads as to 
produce a nap, pile, or soft surface. Nearly aU these 
operations are now performed by ^power-looms in 
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large factories, much more quickly than by the 
hand-loom weaver in his humble room. 

How much cotton cloth of all kinds is annually 
made in this country, no one accurately knows ; but 
this at least is known— that after supplying our own 
home wants in 1860 , we sold three thousand miUion 
yards to other countries : enough to form a bandage 
that would wind eighty times round the earth ! 

Cotton Bleaching and Dyeing. — When the 
weaver has done all that falls to his duty, certain 
remarkable processes of a chemical nature ensue, to 
impart whiteness, colour, or pattern to the cloth. 
The first is hleaching. This consists in simply 
taking away the discolorations. In the last century 
cotton or linen cloth was wont to be steeped for 
several days in a potash liquor, and then for several 
days in sour buttermilk ; after which it was spread 
out on the grass in the open air for several weeks, 
by which it was gradually bleached or whitened, A 
series of beautifd chemical discoveries led gradually 
to the adoption of chloride of lime as a bleaching 
agent, by which the effect is produced in a wonder- 
fully short space of time. The cotton is washed and 
boiled, steep^ and rinsed, in several kinds of liquor, 
one of which is a solution of chloride of lime ; the 
bleaching is then effected in a few hours instead of 
several weeks. The cloth having now become white, 
it is squeezed between rollers, to expel as much mois- 
ture as possible ; and then it is dried. The drying 
is now generally effected by two processes ; first, by 
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whirling round the cloth very rapidly in a hollow 
wheel perforated at the exterior; and, secondly, by 
hanging up in a hot closet. 

Another important operation, dyeing, is necessary 
only for a comparatively small portion of cotton 
goods ; silk and woollen goods are much more gene- 
rally dyed. Although dyeing is simply the impart- 
ing of colour, it requires the exercise of much 
chemical knowledge and general tact. The work to 
be accomplished is, not merely to cover the surface ; 
for this colour, even if it did not wash out, would 
leave one surface of the cloth in an unsightly con- 
dition. Effective dyeing consists in staining the 
fibres throughout, and permanently, in such a way 
that washing will not remove the colour ; and the 
dyer has to study what kind of drug will best pro- 
duce this result upon the particular sort of cloth 
under treatment. 

The number of substances used in dyeing is very 
considerable; most of them are noticed in Chap- 
ter VI. The actual processes of dyeing involve a 
series of steepings, boilings, and washings, in water, 
pure or coloured as the case may be. Some colour- 
ing substances are what is called fad, but not 
Irilliant ; others are brilliant but not fast ; and it is 
the dyer’s business so to manage as to combine these 
two qualities. Certain chemicals called mordants 
are necessary to this purpose. This name is derived 
from the Latin word for ‘‘ biting seeing that the 
mordant enables the dye-colour to bite^nto the fibres 
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of the cloth. The mordant itself seldom gives colour 
to the cloth ; it modifies and fixes the colours after- 
wards applied. The results are beautiful as well as 
important. If a piece of cotton were dyed simply 
with a solution of madder-red, for instance, the red 
would wash out ; but if* the cotton has previously been 
steeped in a mordant, the red becomes permanent. 
If the mordant be acetate of alumina, the madder- 
dye afterwards comes forth in its proper red colour ; 
if it bo acetate of iron, the madder assumes a blackish 
colour ; and if the two acetates be combined, the 
colom; comes out chocolate. The mordant, also, 
often gives a peculiar lustre to the colour, irre- 
spective of any change of tint. Sometimes several 
mordants and several dyes are used in succession; 
and any one of the number may be applied either hot 
or cold. It will thus bo seen that there are immense 
resources at the command of the dyer, depending on 
his knowledge of the chemistry of colours. 

All the arrangements for the dye-house are such as 
to facihtate the mixing, heating, and using of hquids. 
Drug-mills are at hand, to grind some of the dye 
materials to powder ; abundant supplies of clear 
water are provided ; tanks,* boilers, furnaces, and 
cauldrons either provide the heat or contain the 
liquid ; winding machines are employed to dip the 
cloth regularly and equably into the vessels of dye- 
hquor ; and other kinds of apparatus are at hand for 
wringhig, drying, smoothing, and finishing the dyed 
goods. 
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Cmco Pbinting. — This is a very beaiitiful 
operation ; for it requires not only chemical know- 
Mge, but a knowledge of the harmony of colours, 
and of tasto in the arts of design. All kinds of 
cotton goods are bleached, and most kinds are dyed, 
before being printed. 

There are several different modes of printing 
cotton. In one, wooden blocks are prepared with 
the pattern on one surface, and are pressed down on 
the cloth by hand. In another, several such blocks 
are fixed in a frame, and are worked by machinery. 
In a third, the pattern is engraved on a flat copper- 
plate, which is pressed down upon the cloth. In a 
fourth, the pattern is engraved on a copper cylinder, 
over the smrface of wliich the cloth is made to travel. 
In all these cases alike, mordants and colours are 
used as a kind of ink, applied to the block, plate, 
or cylinder. Besides these mechanical diflerences, 
there are many chemical variations in the mode of 
proceeding. Sometimes the whole piece is dyed, and 
then the dye removed by chemical substances called 
discharges, laid on by printing in a certain pattern. 
Sometimes the pattern is printed on with a paste 
called a resist : the cloth is then dyed ; and the 
dye colour can easily be washed off the spots which 
have been covered with the resist. Sometimes steam, 
sometimes spirits, are employed to fix the colours on 
the cloth, or to modify in some way their appear- 
ance. 

Most printed cottons are now done by the cylinder 
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method ; which, when the colours are numerous, is 
in every way a remarkable process. Occasionally as 
many as ten colours are printed dmuUaneomJy on 
one piece of cotton, by ten cylinders engraved with 
different parts of the design ; but the number seldom 
exceeds three or four. Such is the perfection to 
which the machines have been brought, that one of 
them will print a mt/e of cloth in one hour. 

The preparing of the designs is an important 
work. The pattern designer draws a pattern on 
paper ; so selecting his colours that they will both 
look well and print well. If the printers are satis- 
fied with the sketch of the designer, the engravers 
transfer the design to the blocks, plates, or cylinders. 
Let us suppose the cyhnder method to be adopted. 
Copper cylinders are prepared, as many as tliere are 
colours in the pattern ; so much of the design as is 
engraved upon each cylinder is to be printed in one 
coloTir. The pattern is sunk in, not raised upon, 
the surface. When the printing is to be effected, the 
cylinders are so arranged horizontally, that each as 
it rotates can dip into a trough containing its own 
particular colour, mixed as a thickish liq^uid. A 
long knife then comes in contact with the surface, 
and scrapes off every particle of colour, except that 
which has sunk into the engraved lines of the device. 
The cloth is made to travel over rollers and beams, 
and to come in contact with all the four cylinders in 
succession, being pressed upon each during its pas- 
sage. So beautifully is everything timed and placed, 
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84 


BEITISH A1?D POBBIGN LACE. 


tliat the cloth arrives at each cylinder exactly at the 
instant when the latter is duly charged with colour ; 
while the parts of the cloth printed by one cylinder 
are exactly those which are left untouched by the 
others. 

Printed muslins, mousseline-de-laines, printed 
calicoes, chintzes, and other goods, are all done by 
modifications of the processes above described. 

Lace, Net, and Hosieby. — Cotton thread is 
worked up into lace, net, and hosiery, by a kind of 
weaving in which no loom is employed. 

In making the best lace, in which flax thread is 
more frequently employed than cotton, a drawing is 
laid upon a pillow or cushion ; pins are stuck into 
the cushion to follow the lines of the device ; and 
threads, wound on small bobbins, are twisted round 
the pins, and round each other : thin tliread is used 
for the groundwork, thick for the device ; and all 
the threads become so knotted or linked together as 
to form a piece of lace. According to the mode in 
which this is done, so are produced one or other of 
the many kinds called Brussels, Valenciennes, 
Mechlin, Alenc^on, Lisle, Maltese, Honiton, and 
other sorts of lace ; some of which have square 
meshes, some diamond-shaped, some six-sided 
some eight-sided. Sometimes the ornaments or 
figures only are made in this way, and are sewn 
upon a groundwork of ordinary net. 

One of the most remarkable of modem growths in 
manufacture is that of hohUn-net^ or cotton 
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made by machinery. In the last century, various 
kinds of light and open cotton goods were made, 
midway between muslin and lace in character, and 
called wliip-^ei, mail-net, paienUnet, drop-net, spider- 
net, halloon-net, &c., by peculiar applications of the 
loom. Next, by modifications in the stocking-frame 
other febrics were made, to which the names of 
spider-net, point-net, and warp-net, were given. 
At length a most beautiful piece of mechanism was 
contrived — the bohbin-net machine — based on the 
experience derived from all that preceded it. Bobbin- 
net is now made by this machine at a pi’ice that 
would in former years have appeared absolutely 
incredible. Some of this not is as much as five 
yards in width ; and the commonest is sold so low 
as sixpence per square yard. The threads are 
wound round and amongst each other in a way that 
combines something of ordinary weaving with some- 
thing of lace-making ; but the apparatus is far more 
elaborate than any kind of loom, especially when its 
arrangements are for figured net. 

The making of stockings and other kinds of 
hosiery bears more resemblance to bobbin-net mak- 
ing than to the weaving of caheo or cloth ; for the 
mesh is a peculiar kind of net-work. The method 
is applicable alike to cotton, worsted, and silk, as we 
see in the several kinds of stockings made. A poor 
clergyman, in the time of Queen Elizabeth, while 
looking at his wife knitting, fomed the idea of a 
machine that would enable her to knit more rapidly ; 
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machine, or siocldng-frame. Chiefly by means of 
this machine, variously modified, cotton stockings 
are made in Nottinghamshire, worsted stockings in 
Leicestershii’e, and silk stockings in Derbyshire. 
Some of the machines are worked by steam-power, 
but most of them by hand. To whatever degree 
stockings and hosiery may vary in other ways, all 
have this quality in common — that the fabric is 
produced by a peculiar knotting or linking of a 
thread which constitutes both warp and weft, in a 
way that imparts both strength and elasticity ; 
instead of being produced by the intersection of long 
and cross threads, as in woven goods. 

How many pairs of stockings are made annually 
in the United Kingdom, no ono knows ; but it is an 
ascertained fact that more than a million dozen pairs 
of cotton stockings alone are annually exported, after 
supplying the home demand. 

2. Flax and the Linen Manufaotuee, 

We pass on to another of the great departments 
of manufacturing industry relating to clothing ; 
viz.,* the culture of flax, and the processes for 
working it up into the various kinds of linen and 
other flaxen goods. 

Flax Growing and Dressing. — Flax, which is 
in all probability older in use than cotton, although 
now so much less important, is obtained from a 
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genus of plants called Unum, It is not the fibre of 
the se^-pod, like cotton; it is the more stringy 
fibre of the stalk, when separated by steeping and 
other processes. The plant is simply a small shrub, 
with a stem from one to two feet high ; this stem 
yields the fibre, while the seeds yield linseed oil. 
The Flemish farmers, who are the best flax growers, 
prepare the ground by careful manuring, and by a 
particular rotation of crops ; the seed is sown broad- 
cast, and is covered with a thin layer of earth. As 
soon as the young plants appear, women and chil- 
dren carefully weed them. The time of plucking is 
regulated according as the grower wishes for good 
and plentiful fibre, or good and plentiful oil. When 
ready, the plants are pulled up in small handfuls, 
laid on the ground to dry in fair weather, and 
packed into ridges till wanted. 

Then, to obtain the flaxen fibre. The seed-ends 
of the plants are beaten out with a kind of bat, or 
else passed between the teeth of a sort of large 
comb; in either case the seeds are rippled or 
separated from the stems. Next comes the steeping. 
This is effected in many different ways; but the 
object in all is to dissolve a glutinous matter that 
fastens the outer bark or peel to the inner fibres, 
and which must be loosened before the fibres can be 
obtained. A slight fermentation takes place, which 
aids the process, and when this stage has been 
reached, the plants are carefully dried. 

The operations of hreaking and 8(y\dching 
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the fibres 6*0111 such other parts of the stem as are 
not required. Sometimes they are done by hand, 
sometimes by machinery ; but in either case the 
boon (as the stem in this case is called) is thoroughly 
broken fi:om end to end, to reduce all the woody 
substance to firagments; and then a wooden knife 
beats or scutches off all these fi*agments, leaving the 
fibres exposed. Next comes the hackling or heckling. 
The heckle is a square brush with long iron teeth. 
The heckle takes a handful of flax fibres by the 
middle, and draws them repeatedly through or 
between the teeth of the heckle : thereby clearing 
away all the bits of woody refuse, and laying the 
flax fibres straight and even. 

Flax Thread and Yarn. — When the flax has 
been pulled, steeped, broken, scutched, and heckled, 
it is in a state lit, for the spinner. In the great 
flax-mills of Yorkshire, the bundles or heads of flax, 
weighing a few pounds each, are first scutched or 
roughly combed at the ends, to remove some of the 
dust and dirt. The flax is again heckled to clear 
the surface of every fibre, and separate the fibres one 
from another. The flax intended for the finest lace 
and cambric is heckled six or eight times over, to 
increase its fineness and evenness. 

The heckled flax is next sorted. Small portions 
are spread out on a table and examined, the fibres 
being separated into two or more groups according 
to their length and quality, denerally speaking, 
they are about ten inches long; but some exceed 
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and others fall short of this length. After the 
sorting, those processes begin which have the effect 
of combining the fibres into a continuous thread. 
]?ii«t comes drawing. The flax, placed upon a 
travelling apron, is drawn in between two rollers, 
until it presents the form 'of a soft ribbon called 
a sliver. The carding-machine then draws and 
cards and doubles this sliver over and over again, 
bringing it to a state of equal width and thickness in 
every part. All the good flax thus treated is called 
line ; while the short, defective, or irregular fibres 
are collected to form tou\ which is used for inferior 
purposes. The slivers of line are conveyed to 
roving-machines, where they are elongate and 
slightly twisted. All is now ready for the spinning. 
Cotton, as we have seen, is spun dry, but flax is spun 
wet, to make the thread fine and smooth ; and if the 
water employed be warm, the improvement is still 
greater than if cold. Hence the spinning-machines 
for flax are complicated with the arrangements for 
wetting the fibres. The flax-roving, in its progress 
towards the bobbins and spindles of the spinning- 
machine, passes through troughs of water. In its 
wet state it gives forth a spray of minute drops ; 
and the women and girls who attend the machines 
wear leathern pinafores, to shield themselves fi:om 
its consequences. 

The flax yam produced by the above processes 
depends for its fineness on the original quality of the 
fibres, and on the carefuln^ with which the processes 
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have been conducted. If intended for weaving, it is 
reeled into Shanks and then made up into bundles. 
Throe hundred yards form a lea or /a//, six leas fonli 
a ranii^ and twelve rands (about twelve miles) form 
a dozen. The very finest yam is sometimes mixed 
with silk, to weave into handkerchiefs, &c. If not 
intended for weaving, the yarn is further prepared 
for lace-making ; or it is doubled and twisted into 
hard sewing thread. 

Linen and Camduic. — Flax is woven both by 
hand-loom and by power-loom. The different kinds 
of flaxen fabrics receive names depending partly on 
the uses to which they are applied, and partly on 
causes not easy to assign. Linens^ damasks^ shirt- 
ings, sheetings, ducks, drills, table linens, checks, 
huckabacks, diaj^ers, towellngs, tickings, drabbets, 
dowlas, sailcloth, floor-cloth, canvas — these are some 
of the different varieties. The north of Ireland, the 
West Eiding of Yorkshire, and the part of Scotland 
between Dundee and Aberdeen, are the chief seats of 
these manufactures. 

The manufacturing arrangements differ in different 
places. In some districts, manufacturers, as they 
are called, purchase flax-yam from the spinners, and 
give it out to hand-loom weavers ; these latter take* 
it to their homes, weave it, and carry it back to their 
employers, who pay them so much per yard or piece 
for their labour. Some of the Irish hand-loom 
weavers act on a more precarious..plan ; they go to 
market to buy yam, return home to weave it, go to 
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market to sell the woven linen, and return home 
with their earnings or profits. More and more is 
the power-loom system acted on, which leads to the 
regular employment of weavers, at definite wages, in 
large factories. 

Ttvo hundred million pounds of flax are sometimes 
imported in one year, for manufacturing into linen 
goods. The homo growth is but small. 

3. Woollen and Worsted Goods. 

Cotton and flax are of vegetable origin ; but the 
clothing-materials now to come under notice are 
fibres derived from the animal kingdom. It will bo 
seen, however, that the mode of treatment, though 
differing much in detail, depends on the same general 
conditions as those which have just engaged our at- 
tention. . 

Wool and Alpaca. — In all probability, wool was 
used as a material for clothing before either cotton or 
flax ; seeing that the same sheep which yielded meat 
for food, yielded at the same time a woolly fleece sus- 
ceptible of being spun into thread for weaving. All 
the wool and hair of aU the varieties of sheep and goats 
are available for this purpose, but not equally well. It 
is found that a sheep which grows good mutton, 
grows coarse wool ; and therefore the grazier has to 
decide how he will manage his sheep farm, according 
as he wishes to accommodate the spinner or the 
butcher. England produces mutton equal to any in 
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the world ; but English wool is becoming less and 
less fitted for the making of the best woollen cloth ; 
and therefore we import largely of fine wool from 
other countries, chiefly Germany and Australia. 
The microscope .shows that each fibre of wool has 
minute projections along its surface; these projec- 
tions assist the fibres in felting or fulling together 
into woollen cloth. 

When a sheep is of the proper size and age for 
the fleece to be sheared as wool, the animal is well 
washed in clear water, allowed two or three days to 
dry, and then sheared. The old wool separates 
naturally from the skin, being pushed away by the 
new ; and at that time the shearing is best effected. 
The fleece varies from two to six or even eight pounds 
in weight, according to circumstances. 

The animal called the which yields a beau- 

tiful kind of wool or hair now largely manufactured, 
is a species of llama found in Peru and other parts 
of South America. It is something between a sheep 
and a goat, but nearer the former than the latter. 
The fibres are longer, softer, more lustrous, and 
more pliable than any ordinary sheep’s wool. The 
manufecturers of Yorkshire began to use it about a 
quarter of a century ago, for making alpaca cloth, 
a woven material of much beauty, ijitermediate in 
character between stuff and silk ; and from that time 
the trade has extended very rapidly. Attempts are 
now being made to rear the alpaca llama in Ausr 
tralia. 
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Woollen and Worsted Spinning. — In making 
woollen cloth, fine or coarse fibres are selected, 
according to the nature and value of the article to he 
produced ; but the best hroadclotU for men’s gar- 
ments can only be made from foreign wool, the 
English varieties being too coarse. English wool is, 
however, suited for making stuffs, merinos, worsted 
stockings, hlanJcets, flannel, carpets, and rugs. The 
names short, carding, and clothing wool are given 
indifierently to that kind which is employed for mak- 
ing good woollen cloth ; while the names long, comh- 
ing, and worsted wool are apphed to the other 
Idnd. 

The preparing and spinning of the two kinds of 
wool vary in some of the details. In the manage- 
ment of clothing wool, the fibres arc first sorted into 
difierent degrees of fineness, softness, strength, 
colour, cleanness, and weight. The wool is then 
washed or scoured, in hot soapy and alkaline water, to 
free it from the grease which always mixes with it 
in the fleece. When dried, it is willowed or disen- 
tangled by a revolving spiked machine, nemrly in the 
same way as cotton. The wool is then moated or 
picked by hand to remove impurities ; oiled with 
olive oil, beaten into the fibres by means of revolving 
staves; and scribbled in a machine provided with 
two sets of comb-teeth, which lay the fibres straight 
and parallel, in a soft downy layer. Then comes 
the process of carding, by which the downy layer is 
separated into narrow portions, forming soft round 
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rolls of wool called cardings; those cardings are 
short ; but they are speedily united end to end to 
form a long cord called a sluhhing ; and this slubbing 
is gradually attenuated to the state of a soft thick 
weak imperfect woollen thread. Finally, comes into 
operation the sjpinning-machine, which changes the 
slubbing into tjarn ; spindles and flyers, bobbins and 
rollers, rotate with great velocity, stretching the 
wool out by degrees, and spinning it as it stretches. 
When brought to the state of woollen yarn, it is sold 
to the broad-cloth weaver. 

In the managem^t of worsted wool, the processes 
differ slightly from those just noticed. The fibres 
vary from four to twelve 'inches in length. When 
the wool has been sorted, washed, and dried, it is 
pinched; that is, drawn between spiked rollers, to 
separate the fibres. The wool is then oiled, and 
combed between the heated teeth of a machine, to 
drive out the short and imperfect fibres, and straighten 
and , smooth the rest. This done, any defect in the 
combing is remedied by the breaking-frame, in 
which other teeth still further separate and arrange 
the fibres. Next come into action the drawing^* 
frame, to stretch and attenuate the flat layers of 
wool ; the roving-machine, to bring it to the state 
of a thick soft cord ; and the spinning-machine, to 
convert it into worsted yam, or into the various kinds 
of worsted thread used in needle work and knitting. 
Worsted yam for weaving is made up into hanks of 
five hundred and sixty yards each. ‘ 
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Woollen and Worsted Weaving. — The making 
of a piece of woollen cloth involves several remark- 
able processes. The woollen yarn is woven at the 
loom nearly in the same way as cotton or flax. If 
the woven material be hroadchtli, for men s garments, 
it is made to pass through the following processes. 
It is scoured, or beaten and rubbed in soapy water, 
to remove grease and oil ; tented, or stretched out by 
tenter-hooks, to dry in the open air ; dyed (imless it 
be wool-dyed, before the spinning) ; hurled, or freed 
from irregular threads and hairs ; and fulled. This 
last is a singular operation. The cloth* is folded up 
into a thick heap, and beaten violently for many 
hours with heavy wooden stocks or mallets, while 
plentifully sprinkled with soapy water. The fibres 
become hooked into each other by the projections on 
their surfaces, and entangled into a mass possessing 
great strength ; the cloth is gi-eatly thickened by this 
action, and, as a consequence, is rendered much nar- 
rower and shorter than before. The roughened sur- 
face of the cloth is next raised or teazled. Numerous 
thistle-heads or teazles, or numerous wire-teeth ar- 
ranged into a kind of brush, are made to rub strongly 
against the cloth as it passes in front of them, and 
to raise up the ends of the fibres into a sort of nai^ or 
downy coating. To remove this nap, and to produce 
a pleasant smooth surface, are the objects of the 
shearing or cutting process, by which a complete 
though very thin layer is removed from the entire 
surface. For supeiine broadcloth, the' raising and 
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shearing are repeated two or three times. After a 
few more processes, the cloth is packed for market. 

If, instead of making fine broadcloth, a coarser 
fabric is to bo produced, some of the above-named 
operations are omitted. If the goods belong to the 
class of worsteds or stuflfs, there are no fulling or 
shearing processes. If there be a figured pattern, 
the arrangements of the loom are more comphcated 
than for broadcloth. If cotton or silk, alpaca or 
mohair, is to be combined with the wool, the weaving 
and finishing processes are considerably varied. If 
blankets or flannels are to be made, a loose hairy 
surface is purposely jDroduced. If worsted stockings 
are the object of manufacture, the worsted yarn is 
twisted round by a machine into a kind of netting or 
knitting, as in making cotton hosiery. By variations 
in all these ways, the multitude of different kinds of 
fiibric is rendered very great. Broadcloth, hersey- 
mere, piloi'cloth,'^ serge, frieze, hlanheting, jlgmnel, 
merino, cashmere, stuff, mousselin-deAaine {wool- 
muslin), haize, camlet, drugget, carpet, shalloon, 
hunting, waistcoating, tweeds, cheviots, worsted ho- 
siery, fleecy hosiery — all are made of wool, more or 
less mixed with cotton. The materials known as 
homhazeen, poplin, challis, and Normch crape, are 
mixtui'es of wool and silk. 

The very cheapest woollen goods contain shoddy 
and mungo. These strange names are given to fibres 
obtained by tearing up old woollen rags, tailors’ cut- 
tings, carpets, worsted stockings, blankets, flannel, &c. 
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If used by themselves, these old fibres would scarcely 
be strong enough to be spun and woven ; but when 
mixed with now wool and with cotton they form a 
material for cheap woollen garments. 

Taken altogether, it is believed that more than two 
hundred million poimds of wool, new and old, aj’e 
worked up yearly into cloth in this country. 


4. The Silkwoem and Silk Goods. 

The next fibrous substance which calls for oiu: 
notice, although of animal origin like wool and 
alpaca, presents differences of an exceedingly inte- 
resting character. This substance is s^7fc. 

Eeaeino the Silkwoem. — That most beautiful 
of all fibrous materials for clothing, silk, is produced 
by a small insect of the genus Bomhyx. The begin- 
ning of a silkworm’s life is the very condition of 
making silk at all. The parent constructs a soft nest 
in which to deposit the eggs ; this nest consists of 
silken filaments ; and, so far as man has ever known, 
the insect has no other motive for making the nest. 
The substance of the silk exists in the body of the 
insect, as a glutinous gum ; and she has the power 
of drawing it forth in a continuous filament. This 
filament is woimd round and about in every direction, 
to form a hollow dwelling-place. After depositing 
her eggs, the silkworm changes her form, becomes a 
chrysalis or jpupa, and then bursts forth from her 
prison as a beautiful light-winged moth. All these 

Q 
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cjianges are exquisitely adjusted by the hand of 
Nature ; but we are concerned with them here - only 
so far as they relate to the production of silk. 

In conducting this operation as a matter of trade, 
the silk-rearer makes all the necessary provision for 
the wants of the little insect. Temperature, mois- 
ture, and purity of air are attended to ; and mul- 
berry leaves are provided as the insect’s favourite 
food. At the proper time, the little worker begins 
her labours, weaving around herself a silken nest, 
hard on the inside, but more flossy outside ; it is 
formed from two filaments, elaborated from two ori- 
fices near the head of the insect. When completed, 
the nest or cocoon is an oval yellowish ball, about an 
inch and a half in the longest diameter ; the average 
weight is about three grains, and the average length 
of filament about three hundred yards. 

The question next arises, how to make this fila- 
ment available for use ? In Italy, where the silk- 
culture is carefully managed, the growers sell the 
cocoons to silk-winders. The poor 'insect is first 
killed by the heat of an oven ; then the external 
jloss silk is removed, to be aftervs^ards spun into an 
inferior kind of silk goods ; and the hard portion of 
the cocoon is reserved for other treatment. The 
cocoons are steeped in warm water, to soften a kind 
of gummy substance that glues the two filaments 
together. The winder presses a whisk of twigs upon 
several cocoons, and lifts a filament from each ; these 
she passes through eyes in a winding-machine, and 
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winds them olF the cocoon, combining all the fila- 
ments into one thread, exquisitely thin and delicate. 
It is beliered that jive hundred miles of the original 
silky filament would barely weigh one pound. Only 
one twelfth of the weight of each cocoon is wound 
off : the remaining eleven twelfths consisting of the 
dead insect, floss silk, waste, and dirt. 

The winding is continued imtil the silk of a large 
number of cocoons is combined into a thread long 
enough to form a hanky weighing a few ounces. 
These hanks constitute raw silk ; and it is of such 
silk that every variety of silken goods is chiefly 
made. 

Silken Goods. — Almost countless are the diversi- 
ties of beautiful fabrics made of silk, by spinning, 
weaving, embroidery, and other processes. The raxo 
silk has first to be converted into thrown silk, or 
silken threads thick and strong enough to be woven. 
If this thrown silk is to be used for silk gauze, it is 
called dumb singles ; if for ribl)ons and common silks, 
thrown singles; if for the weft-threads of the best 
silk goods, tram : if for the warp-threads of the same 
goods, organzine. A winding-machine transfers tho 
raw silk from the hanks, and winds it upon bobbins 
a few inches in length. A cleaning-machine draws 
the filament through a cleft in a thhi piece of steel, 
clearing away aU irregularities from the surface. A 
twisting -machine twists the silk roimd like a rope, 
rendering it thinner but harder. A doubling-machine 
increases the strength by combining two or more 

o 2 
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threads together, and again twisting them. And 
lastly, a ihrowing-machine compacts all the sepa- 
rate threads more completely together into a state 
fit for weaving or sewing. The thickest] silken 
thread, for the best goods, has undergone two 
twistings ; and these twistings, as in rope-making, 
are in opposite directions, to insure strength. 

The weaver, after the silk has been scoured and 
dyed, takes it in hand. For ribbons, he uses a pecu- 
liar form of loom, which enables him to weave several 
at once. For broad silks, he uses a loom nearly like 
that employed in cotton-weaving. For figured silks, 
ho employs an intricate and beautiful apparatus 
called the Jacquard-machine, attached to his loom ; 
to cause the weft-threads so to interlace among the 
warp as to produce a pattern on the surface, in threads 
of different colours. For Persian, sarcenet, Gros-de- 
Naples, and ducapes, the silk is selected and woven in 
such a way as to present difierent degrees of softness 
and fulness. For brocade and damask, the weaver 
employs silk in rather large quantity, and weaves it 
with an elaborate pattern on the surface. For satin, 
he allows the warp-threads to come up very conspi- 
cuously to the surface, and gives them a gloss by the 
aid of heated cylinders. Por poplins, bombazeens, and 
some other goods, the silk is, as we have said, mixed 
with wool. For velvet, the weft-threads are cut in 
a peculiar way after weaving, and are dressed up into 
a beautiful soft nap or pile. For embroidered silks, 
the material, aftey weaving, undergoes a kind of 
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machine-Heedlework, by which a pattern in coloured 
silken thread is worked into the surface. 

We import and work up about ten million ^pounds 
of silk annually, besides the finished silk goods 
brought from France and other countries. 


5. Leather, Gutta-peboha, and India-rubber. 

Having thus gone rapidly through the chief 
matters relating to textile goods for clothing, we 
shall next notice the principal material for boots and 
shoes — Leather ; comparing it at the same time with 
the two remarkable vegetable substances, Gutta- 
jperclia and India-rubber. 

Leather and Tanning. — ^Leather, as we all know, 
is made from the hides and skins of oxen and other 
animals, by the process of tanning. To effect this, 
the. tanner first removes the horns, and steeps, rubs, 
beats, unhairs, and scrapes the hides. The hides, 
after being steeped in an acid liquor to open the 
pores, are exposed for a long time to tan in a solution 
of oak bark, or some other astringent substance. 
Sometimes the hides are allowed to remain many 
months in tanks filled with this liquor ; the bark being 
renewed from time to time, and the hides repeatedly 
turned and stirred. In one method, the tan is forced 
into the pores by various means. Usually, however, 
slow tanning is said to produce the best leather. 
When properly tanned, the hides are slowly dried, 
being rubbed and beaten frequently meanwhile. 
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The thinner hides, such as those of calves, sheep, 
and goats, are more usually called slcins. If tanned 
with oak bark, they are exposed to its action during 
a much shorter time than hides ; but sometimes other 
tanning ingredients are used, such as vahnia, terra 
japonica, md-galh^ willow, sumach, and a kind of 
bean-pod called divi-divi. 

The leather for men’s boots and shoes requires to 
be curried, to give it softness, smoothness, and 
pliancy. This cuiTying consists in paring, rubbing? 
and scraping one or both surfaces. If for upper- 
leathers, the material (usually calf-skin) is stained 
black on one side. Tliinner leather is prepared in 
various ways. Goat skins are tanned with sumach, 
and worked up into what is called morocco leather. 
Sheep skins prepared in a similar way produce 
imitation morocco. If the thin skins of sheep, lambs, 
and kids are treated in a particular way with alum, 
salt, and yolk of egg, they become hid leather. If 
the skin of deer, goats, and sheep are dressed in a 
certain manner with oil, they become chamois or 
shamoy leather. Beautiful machines are now in use? 
which will split up a sheepskin into two complete 
layers or thicknesses ; and it is often so managed 
that the best half is converted into imitation hid by 
alum and egg, while the inferior half is converted 
into shamoy (also called wash leather) by oil. Russia 
leather, shagreen, japanned leather, and enamelled 
leather differ not so much in the skin employed as in 
the mode of preparation. 
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Besides the animals already named, many others 
yield hides or skins that may be converted into 
leather ; such as the rhinoceros, hippopotamus, wild 
bull, antelope, horse, dog, hog, rat, and seal. This 
variety pleads to the production of the numerous 
kinds of leather necessary for boots and shoes, 
gloves, caps, saddles, harness, bookbinding whips, 
bags, aprons, carriage linings, chair-covers, straps, 
bands, &o 

Gutta-percha. — This singular material is a fair 
substitute for leather in many cases, besides possessing 
other qualities to which leather can lay no claim. It 
was about the year 1842 that Europeans, settled in or 
trading to the East Indies, discovert that the Malays 
were acquainted with the use of a singularly tough 
material, obtained from the sap of a particular tree. 
This material was gutta-percha. The trees which 
yield it grow abundantly in the islands of the Indian 
Archipelago. The natives adopted a reckless way of 
cutting down the trees in order to obtain the sap ; 
but they are now gradually accustoming themselves 
to a more economical method — they preserve the 
‘ goose that lays the golden eggs.’ The sap, circu- 
lating between the bark and the wood, is ready for 
gatheiing at a particular part of the year; it is 
allowed to flow out through incisions in the bark into 
vessels, where it thickens gradually ; but before it is 
quite hari the natives fashion it into large balls for 
convenien* of carriage. 

When the gutta-percha reaches England, it is 



104 


GUTTA-PBBOHA MANUFACTURE. 


passed through many processes to render it fit for 
use. It is cut into slices by a revolving knife, and 
thrown into hofwater to get rid of the dirt and impu- 
rities ; it is put, while in a partially softened state, 
into a rotating machine, where sharp spikes tear it to 
pieces with great violence. Being thus made clean 
and uniform, the gutta-percha is cut into blocks or 
slabs by a cutting-machine ; or into sheets by passing 
between steel rollers ; or into ribbons by slitting the 
sheet into narrow widths ; or into rods or pipes by 
being forced through hot cylinders. 

We mention gutta-percha in this place, because of 
its occasional use for boots and shoes ; but it 
would be scarcely possible to enumerate the various 
other purposes to which this very useful substance is 
applied. These uses depend on its great toughness ; 
the ease with which it may be pressed into moulds 
when softened by heat ; the ease with which naphtha 
will dissolve and cement it ; its remarkable properties 
of conducting sounds and not conducting electricity ; 
its imperviousness to water; its power of resisting 
corrosive acids and alkalies; its capacity to bear a 
large amount of friction, hard usage, and frost ; its 
freedom of attack from insects ; its strength combined 
with flexibility ; and the ease with which the surface 
receives adornment by painting, japanning, and gild- 
ing. On account of one or other of these valuable 
properties, gutta-percha has come largely into use for 
boot and shoe soles, cistern linings, diSiking-cups, 
jars, inkstands, noiseless curtain-fmgs, card and pen 
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trays, cord and line, working aprons, pipes and tubes 
for various purposes, casings for telegraphic wires, 
sponge-bags, stethoscopes, ear-trumpets, speaking- 
tubes, bandages, bottles and vessels for chemical 
liquids, buckets, mill-boards, valves, whips, medalhons, 
brackets, cornices, buoys, powder-flasks, fishing-floats, 
life-boat linings, cricket-balls, fencing-sticks — and a 
host of other articles. The gutta-percha is first made 
into a block, slab, sheet, tube, or cord, and is then 
wrought into the above-named articles by various pro- 
cesses, of which cutting and stamping are the chief. 

India-rubber. — This substance, also known as 
Caoutchouc, resembles gutta-percha in many of its 
qualities. Both are gums that exude from trees ; 
lx)th solidify to a tough and elastic substance ; both 
resist the action of water and of numerous chemicals ; 
both convey sound well, and electricity scarcely at all. 
They differ however in many things, which lead to 
considerable varieties of application. Many trees in 
tropical regions yield this gum. The substance was 
known in Europe a century and a half ago, as india- 
rubber, on account of its singular property of rubbing 
out pencil-marks ; but its more important uses have 
not been known to us till recent years. To obtain 
it as an article of commerce, the natives (chiefly in 
South America) pierce the trunk of the trees during 
the rainy season ; a sap or juice slowly flows out, and 
solidifies in the open air. According to the substance 
on which it is received, so will it take the form of 
cakes, lumps, bottles, &c. 
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The two great properties of india-rubber that 
render it so invaluable in the arts are its elasHciiy 
and its imjperviousness to moisture. If we look 
around us at all the articles made of this substance, 
we shall find that one or other of these two qualities 
is brought into requisition. Forty years ago, india- 
rubber began to be used as an elastic appendage to 
glove-wrists, waistcoat-backs, waist-belts, pockets, 
purses, trousers-straps, gaiter-straps, gaiters, riding 
belts, stays, patten-ties, shoe-ties, &c. — ^in the form of 
small slips or threads. A great advance was made 
when means were found for employing india-rubber 
threads as weft or warp, and weaving them up with 
other threads into an elastic web. The elastic sides 
for boots, now so prevalent, afford a good example of 
this kind of work ; and every haberdasher or hosier’s 
shop furnishes numerous others. The elasticity of 
the substance leads it also to be used for billiard- 
cushions, driving-bands, and countless other pur- 
poses. 

The waterproof quality of india-rubber is perhaps 
still more valuable than the elasticity; and when 
the two are combined, the value is great indeed. As 
soon as it was found that india-rubber might be 
dissolved in oil of turpentine, it was at once seen that 
a waterproof varnish of great importance had been 
obtained. Macintosh cloth, for capes and cloaks, 
coats and leggings, is nothing more than two pieces 
of cotton of silk, cemented together by a varnish of 
india-rubber, and thus made waterproof. A long 
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succession of experiments has shown to manufacturers 
that india-rubber, either as a solid or a cement for 
solids, is a material suitable for making undersheath- 
ing for ships, waterproof boots and shoes, tubes and 
pipes, gas-bags, fire-engine hose, life-boat coyerings, 
life-preservers, cork-bed bags, floating mattresses, 
swimming-belts, pump-buckets and valves, bottle- 
stoppers, surgical tubes, and innumerable other 
articles. For nearly all these purposes, the india- 
rubber is brought to the state of large blocks, by 
tearing, kneading, and pressing; and then various 
mechanical processes transfer these blocks into the 
articles needed. 

If sulphuric acid be skilfully mixed with india- 
rubber, it renders it better able to resist heat and 
cold, less clammy, and less sensitive to oil and grease 
on the surface. The substance thus made, called 
vulcanite, or vulcanized india-rubber, is now very 
largely employed in the arts. Besides being elastic 
and waterproof, it is durable and manageable to a 
greater degree than plain india-rubber. 

VI. — Hats, Bonnets, Funs, Feathers, and 
Flowers. 

Utterly impossible as it is, within the narrow 
limits of this volume, to describe all the numerous 
ingenious processes involved in the preparation of 
the materials for modem dress, we shall simply 
group together, in the last section of this chapter, a 
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few details relative to silk and heaver Jiats, straw 
plait and straw bonnets, fv/rriery, the dressing and 
arrangement of feaihers for ornament, and artificial 
flowers. 

Beaver and Silk Hats. — Although beaver hats 
are now almost out of fashion in England, still the art 
of making them remains amongst us, and may possi- 
bly recover favour by-and-by. The chief kinds of far 
employed for this purpose are heaver, nutria, hare, 
and rabbit, the first especially. The pelt or skin of 
such animals has generally long hair as well as 
short fur ; and the former, not having the property of 
felting, is removed by pulling or cutting, in order to 
get at the true fur. This fur is sheared off from the 
pelt by means of a peculiar knife ; beaver fur, how- 
ever, being more valuable than other kinds, is 
cropped from the pelt by the aid of a very beautiful 
machine, which not only removes all the fibres, but 
also separates them into three or four qualities. The 
four kinds above named are those which possess the 
best felting properties ; but this is also possessed in a 
smaller degree by the furs of the mole, musquash, 
seal, otter, and other animals. 

The making of a beaver or fur hat is a remark- 
able operation. The hat consists of a body and 
a coveHng ; the former usually of wool, and the 
latter of fur. The wool is soaked, scoured, washed, 
dried, and carded. It is next bowed, or struck re- 
peatedly with the string of a large bow applied in a 
peculiar way, to disentangle knots and spread out 
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the fibre in a soft fioconlent layer. A triangular 
piece of paper is then placed upon the wool, part of 
which is brought over the upper surface of it, and 
by a singular routine of pressing, bending, rubbing, 
coiling, and uncoiling, first dry and then wetted 
with an acid liquor, the wool is so worked up that 
all the fibres become matted or interlinked, forming 
a felt or continuous substance. The intervening 
paper prevents contact between the two layers. The 
paper being removed, the wool presents the appear- 
ance of a grey conical cap. Tliis, when stifiened by 
gums and varnishes, is ready to receive the beaver 
covering. The beaver fur is worked about until it 
forms a thin soft layer ; and this layer, by wetting, 
rolling, and rubbing,’ is made to adhere to the grey 
cap, until the two in effect form one ; for the fibres 
of fur actually work their way between those of the 
wool. Then does the beavered cap pass through pro- 
cesses which convert it into a hat. It is worked 
gradually, while wet, on a .wooden block, into the 
well-known hat-shape. After being dried in a hot 
room, its nap is raised by a sort of comb, and 
cropped by shears to the desired length. The beaver 
hat is finally dyed, lined, bound at the edges, and 
shaped according to the prevailing fashion of the day. 

Those which are called silk hats are made in a 
wholly diflerent way. The foundation is of calico, 
cork, mohair, whalebone, or any other light substance, 
shaped upon a block, and stiffened by waterproof 
varnishes, The covering is a silk plush applied to 
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the surface of the foundation, and made to adhere to 
it by a hot iron, which softens the composition 
underneath. The so-called ‘Paris’ hats owe any 
little superiority which they may be supposed to 
possess, to the excellence of the silk plush made in 
France. 

The feU hats, such as those lately called “wide- 
awakes,” are made in the same way as the body or 
foundation of beaver hats, the fur covering being 
omitted. 

Straw-plait and Straw Bonnets. — This neat 
and pretty material for hats and bonnets, has been 
known for nearly three centuries in Italy, from 
which country the English derived it. Italian straw 
is generally finer than English ; and this is one 
reason why leghorn hats and bonnets, as they are 
called, are deemed superior to our own home make. 
Sometimes the whole straw is used ; while at other 
times each straw is ingeniously split into four equal 
parts, which are flattened out before using. During 
the long war, early in the present century, when 
foreign straw hats and bonnets were not imported, 
the English straw-plaiters were very busy ; but when 
peace was restored, Italian straw again came into 
fashion. By attention to the growth, preparation, 
and plaiting of the straw, however, the manufacture 
has again become a large one in this country, espe- 
cially in Bedfordshire and Hertfordshire. 

If a straw hat were picked to pieces and examined, 
it wuld be seen that the straT^s, whether whole or 
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split, are plaited over and under each other, to fom 
a kind -of narrow flat ribbon. Such ribbons are 
called plait, and are sold at so much per dozen yards. 
In the country districts around Luton, Dunstable, 
and St. Albans, women and girls buy the straw, 
make it into plait, and take the plait to the weekly 
markets held in those three towns. The purchasers 
are manufacturers, who employ other persons to 
fashion the plait into hats and bonnets. This 
fashioning isefiected by sewing the plaits together at 
the edges, and curling them round and round, until 
they are made to conform to the block by which the 
shape is given. 

Straw admits of being both bleached and dyed : 
and this enables the makers to give great diversity 
to the hats and bonnets prodiiced. There are also 
modes of combining the straw with lace, whalebone, 
and other materials, to the production of very 
elegant effects. 

Funs, Feathers, and Flowers. — Those adjuncts 
to dress, the first useful as well as ornamental, the 
others ornamental only, deserve a few minutes of our 
attention. 

Furs have just been noticed in connexion with the 
hat-manufacture; but their use is much more ex- 
tensive and important for articles of what is called 
furriery. The principal fur-bearing animals are 
the ermine, stoat, sahJe, marten, fox, nutria, otter, 
hear, leaver, racoon, lodger, minx, lynx, musquash, 
hare, rabbit, squirrel, chinohilla, and seal. North 
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America fomislies the chief part of the supply. All 
furs, so far as concerns their uses, may be grouped 
into felted furs and dressed furs ; the former for 
beaver hats, the latter for furriery. The making-up 
of fur into a muff or boa is a very different operation 
from the application of the fur to a hat; because 
the fur does not require to be removed from the pelt, 
and because it does not need felting. The fiir 
hunters are very careful in stripping, drying, and 
packing the pelfaTr which they obtain, in order that 
the fur may not be loosened from its pelt by any 
putrefactive action. The furrier, when the furs 
reach his hands, finds it necessary to wash out a 
greasy substance from the pelt, and an oily moisture 
from the fur ; which is effected by the aid of alum, 
bran, salt, soap, and soda. The alum employed in 
cleaning the pelt converts it into a kind of leather 
like inferior kid, and renders it more durable. The 
making-up of the dressed fur into garments, or portions 
of garments, is in many respects a kind of needle- 
work, calling' for much tact and taste. As the 
skins, and even different parts of the same skin, differ 
greatly in colour, much cutting and adjustment are 
necessary to produce either a uniformity of colour, 
or any prescribed diversity of tints ; and the cutting, 
unless carefully managed, would lead to much waste 
of valuable material. An examination of the pelt or 
back of a piece of furriery, will render apparent a 
multiplicity of joinings, especially those in which 
small and cheap skins are used. « 
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Considered as ornaments for the person, feathers 
are more or less in favour in most countries ; their 
elegance of form and beauty of colour constitute their 
attraction for this purpose. Ostrich feathers are the 
chief kind employed. The male bird yields the 
jSnest feathers, especially from the back, the wing, 
and the tail ; the smaller feathers from various parts 
of the body, varying from four to twelve inches in 
length, constitute down^ black in the male, and grey 
in the female bird. In preparing ostrich feathers 
for use, the plumassier or feather-dresser scours 
them by washing in white soap and water, washes 
them in hot clean water, bleaches them by exposure 
to burning sulphur, and hangs them upon cords to 
dry. The fibres* are separated by shaking; the ribs 
are scraped with a piece of glass, and the filaments 
with the edge of a blunt knife ; and after a few more 
processes the feathers are ready to be applied to 
ornamental purposes. All other feathers are pre- 
pared nearly in the same way as those of the ostrich ; 
and some are dyed of various colours. 

The application of feathers to the making of feather- 
beds and of quill-pens, docs not belong to our present 
subject ; it may suffice to say that the processes of 
preparation are little other than cleaning and dress- 
ing. 

The last ornamental appendages to dress, here to 
be noticed, are artificial flowers ; singular examples 
of patient ingenuity. They are the result of a care- 
ful attention to the forms and coloui’s of natural 

H 
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flowers, bttd and loaves. Silh, silkworm, cocoons, 
ribbon, shells, cambric, laffeta, feathers, whalebone, 
paper, velvet., wax, ylass, thread, wire, all arc brought 
into requisition. Of course the mechanical processes 
depend on the nature of the substances employed. 
Generally speaking, however, the imitative petals and 
leaves are stamped out of cambric, by means of 
punches or dies of the proper shape. The colours 
depend partly on a previous dyeing, and partly on 
the application of water-colours to certain spots 
affenvards. Some of the pieces are embossed with 
veins by means of the stamping-presses ; some are 
glazed by the application of a kind of varnish ; and 
various other modes are adopted for imitating the 
beautiful sur&ces of flowers and leaves. Beads and 
small pieces of wax are rendered available for imitat- 
ing seeds and small fruits. Wax has been much 
employed within the last few years as the chief 
material in producing imitations of certain flowers, 
presenting a remarka% delicate transparency of effect. 


Ncccssaiily brief as these details have been, they 
will tend to show how extensive and complicated are 
the processes employed in worldng up the materials 
for ordinary dress — materials obtained almost wholly 
from the animal and vegetable kingdoms. 



OUR DWELLINGS AND THEIR MATERIALS. 


1. BUILDING-STONE, MASONEY, AND SLATING. 

^ STONE FOR RUILOINO. — QUARRYING AND MASONRY.— SLATES 
AND SLATING. 

2. BEIGKS, TILES, AND BEICKWOEK. 

IJRTOKS AND BRICKMAKING. — TILES AND TILEMAKING. — 
BRICKWORK OR BRICKLAYING. 

3. LIME, MOIITAR, CEMENT, AND PLASTERING. 

LIME, SLAKED AND UNSl,AKED. — CEMENT AND CONCRETE. — 
BLASTER AND BLASTEKING. 

4. TIMBEE, CAEPENTEY, AND CABINET- WOEK. 

TIMBER TREES. — SAW MILLS AND WOOD-WORKING. — CAR- 
PENTRY AND JOINERY. FANCY WOODS AND CABINET- 

MAKING. 

5. WAI.L AND FLOOE COVEEINGS. 

PArER-lJANGINCS. — CARPEl’S AND FLOOR CLOra. 
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CHAPTEE III. 

OUll DWELLINGS AND THEIR MATERIALS. 

It is useless to discuss wliicli of two Luman wants, 
clothing or shelter, is the more urgent, the more 
eagerly demanding the time and attention of the 
busy workers in the world. Suffice it to say, that 
all above the level of the brute creation, with excep- 
tions which are becoming fewer and fewer as civili- 
zation advances, require and obtain both. We have 
seen how large a portion of man’s intelligence, in- 
dustry, accumulated experience, labour, and capital 
is called into exercise in providing food and clothing 
for himself and others ; and wo shall now invite the 
reader’s attention to the materials and processes 
concerned in the production of the dwellings and 
furniture which administer so greatly to the comfort 
of all around us. 


1. Building-stone, Masoney, and Slating. 

The excavating and earth-work necessary in lay- 
ing the foimdation for a house may be left to the 
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observation of the reader; they are matters that 
need not bo touched on hero. We proceed at 
once to masonry^ which, with hricMaying and car- 
jgentry, make up tlie three principal house-build- 
ing trades. 

Stone for Buildino. — The kinds of stone used in 
building are numerous. Bath and Portland limestone 
are easily wrought, but are by degrees afi'ected by the 
atmosphere, not only through its moisture, but also in 
consequence of the sulphureous and other particles 
that float about in it. Derbyshire and Plymouth 
limestones are harder, and resist for a longer period 
any destructive action. Various kinds of sandstone 
are used by builders and engineers instead of lime- 
stone, for some purposes ; such as millstone grit and 
red sandstone. Granite is too hard, and marble 
too costly, to be used much in this country for 
building. Nearly all the lands generally employed, 
belong either to the limestone or the sandstone 
series. Isle of Wight limestone, Suffolh crag, Pur- 
bech and Portland stone, Bath stone, magnesian lime- 
stone, and mountain limestone, such as that of Derby- 
shire, are the chief examples of the limestone group 
used in building. 

Perhaps the most remarkable inquiry ever made 
into the qualities of building-stone was that which 
bore relation to the re-building of the Houses of 
Parliament. While the plans for the new building 
were being prepared, a royal commission was ap- 
pointed to investigate the qualities of the various 
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kinds of stone used for building, in order that such 
a selection might be made as would best meet all the 
requirements. Some of the Commissioners visited 
the principal quarries ; while the others made 
experiments on the specimens of stone obtained. 
The researches were limited to freestones^ sand- 
stones, and limestones. 

Each kind of building-stone was found to have its 
own peculiar sources of decay, depending on the 
mode in which the particles are held together ; and 
the question hence arose, which kind has the fewest 
disadvantages ? 

In our climate, stone exposed to the west and 
south wears away more rapidly than with an eastern 
or northern exposure, on account of the prevalent 
winds and rains. A kind of stone suitable for the 
plain parts of a building does not always suit for 
the carved ornaments. Numerous specimens of 
stone, collected by the Commissioners from various 
parts of the kingdom, were shaped into cubes ; and 
these cubes were subjected to experiment, to deter- 
mine tlieir specific gravity, chemical composition, 
absorptive power, and power of bearing pressure, 
friction, heat, and cold. One kind was found to excel 
in one of these qualities, one in another, one in a 
third ; but the sort which appeared to possess the 
best combination of properties was magnesian lime- 
stone, such as that of Bolsover in Der%shire. The 
Commissioners described this stone as being heavy, 
strong, little absorbent of water, rich in tint, and 



120 QUAEBIES OF VABIOXJS OOTJOTRIES, 

beautiful in granular structure. The stone was pur- 
chased, and the building constructed. The result has 
been unfortunate. Even before the works are finished, 
the stone is already beginning to crumble ! It is 
supposed that the vicinity of the Thames has some- 
thing to do with this mortifying fact; but be the 
cause what it may, the fact is certain ; and measures 
are being taken to coat the exterior with some kind 
of protective glassy varnish. 

QuARRYma AND Masonry. — The various kinds of 
stone are quarried much in the same way ; except 
that more labour is necessarily required on the harder 
kinds. Some layers of stone are so near the surface 
that open cuttings sufiice to reveal them ; whereas 
others are deep down, and call for the removal of 
much superincumbent earth. The Egyptian quarries 
yield the granites and other hard stones employed in 
the marvellous works of architecture and sculpture in 
that country. The Greek and Italian quarries yield 
the marble of which the finest sculptures the world 
has j^seen were made. Our own country produces 
quarries of almost every kind of useful stone, especially 
those suited for ordinary building. 

If the valuable stone lies at some distance below 
the surface, the quarrymen sink a shaft to get at it ; 
but if it lies within the side of a hill, horizontal gal- 
leries are excavated. In working a large quarry of 
the first-named kind, the earth is first removed from 
the surfeco ; then the inferior stone ; and thus the 
good stone is reached. It is not Often blasted with 
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gunpowder, because it would be thereby too much 
broken up. It is separated into bloc^ by tools, 
aided by the cleavage planes, or parallel layers, ex- 
isting in most stone. Thus wedges, .a few inches 
apart, are driven into the«e natural divisions in such 
a way that slabs or blocks are riven off ; one series 
of wedges determine the width, and another the 
thickness of the layer thus separated. If the stone 
be very hard, such as granite, and without any cleav- 
age structure, holes are gradually made by means of 
heavy sharp instruments, and wedges are driven into 
the holes. If the natural strata of stone are vertical 
in the quarry, the rending into blocks and layers 
is much easier ; and on this account some quarries 
are more profitable than others, as demanding less 
labour for disengaging the stone. 

When the stone would be quite as useful in irre- 
gular masses as in squared blocks, the operations 
are greatly quickened by the application of gun- 
powder. Holes are bored in the rock to a consider- 
able depth at certain places, gunpowder is introduced, 
and this powder is exploded by the aid of electricity. 
The explosion shakes down vast masses of stone. At 
Holyh^ a breakwater is thus being formed. Holy- 
head mountain may be said to be travelling into the 
sea ; for it supplies the stone which, year after year, 
is being thrown into the deep water of the harbour 
to form a breakwater. A similar operation is being 
pursued at Portland. 

When, however, the stone is to be employed for 
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building, this tearing and rupturing plan is not suit- 
able. The quarrymen endeavour to obtain the stones 
in form approaclhng somewhat to blocks or slabs. 
This done, they rouglily prepare them on the open 
ground above. A mallet #nd a hevel are the chief 
tools here employed. The kovel, sharp at one end 
and flat at the other, is worked over the whole sur- 
face by means of the mallet, to knock ofi‘ projections 
and irregularities, and to bring the sides tolerably 
square. 

The stonemason finishes the work by the aid of 
many different kinds of tools. If the stone is not 
very hard it can be cut by blades of iron wetted with 
sand and water. The chisel and mallet fmish off 
the surfaces ; a circular form can be produced by 
the lathe ; or the surface can bo ground down by the 
application of tools made of iron. According to the 
hardness of the stone, so is the amount of labour 
required. 

In the trade of stone-masonry ^ the stones are 
fashioned by various means. Most of the surfaces 
are brought true by means of the pointer, a sharp 
chisel worked by a mallet ; and the smoothing is 
mostly effected by rubbing two surfaces of stone 
against each other. Carved work in stone is exe- 
cuted by the same means as sculpture — a very care- 
ftd application of tools all over the surfeco, preceded 
by accurate drawing, and corrected by frequent 
measurement. When stone is scarce and dear, 
buildings are frequently constructed of ashlar-worh ; 
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that is, a surface of stone applied to an inner sub- 
stance of brick. To render this kind of work dur- 
able, some of the stones are let in at intervals to the 
whole depth of the brickwork. In buildings of solid 
stone, not only is adhesive cement applied between 
the stones, but short iron clamps aro added to bind 
them ; these clamps are inserted in holes bored to 
receive them, and are kept in their place by lead 
poured in v/hilo in a molten state. 

Slates and Slating. — Slate is stone, properly 
speaking ; but it is placed in a separate group on 
account of its peculiar structure. It is laminated , 
that is, disposed in layers or plates, the interstices 
between which greatly facilitate its separation into 
thin .pieces. Geologists beheve that slate was at 
one time a sort of clay, which by intense pressure 
became converted into very hard stone ; and that 
the slaty structure, the alternation of layers with 
cleavage-planes, was in some way produced by the 
pressure. 

Colonel Pennant is the owner of the most valuable 
slate-quarry in the world* at a spot a few miles from 
Bangor, in North Wales, between tliat town and 
Snowdon. No less than two thousand persons are 
employed in working the slate. The whole face of 
one particular mountain is wrought into terraces, 
rising one above another. Each terrace forms a 
sort of landing-place for the workmen, who are 
enabled to quarry with much ease the slate of which 
the mountain consists, on account of its pecuHar 
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structure, which enables them to spht it into slabs 
and thin laminae. Various mechanical contrivances 
are adopted for expediting the processes. In some 
places, however, the only available mode of working 
is for half-a-dozen men to stand upon a platform, 
suspended from above by tackle, and separate the 
slate from the side of the mountain in masses, six or 
seven feet in length by two or three in width, and of 
a thickness depending on various circumstances. 
These masses are loosened chiefly by means of iron 
crowbars and sledge-hammers. The enormous quan- 
tity of two hundred and fifty tons of slate are thus 
excavated and lowered every day, at an average, at 
the Bangor works ; and there is a prodigious amount 
of rubbish gradually accumulating at the foot of the 
mountain. 

The most frequent employment for slate is as a 
substitute for tiles in roofing. The Bangor variety 
takes the lead for this purpose ; after which come 
the kinds from Snowdon, Carnarvon, Westmoreland, 
Scotland, and Devonshire. The light-blue varieties 
are generally better than the dark-blue or the green- 
ish. At Bangor, when the masses of slate have 
been conveyed to a convenient part of the works, 
they are wrought into form by various chipping and 
cutting tools. According as they are intended to be 
made into roofing slates, writing slates, cisterns, 
gravestones, rails, &c., so are they treated by the 
workmen. 

When the roofing slates have been roughly shaped, 
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they are sold to the slater in pieces of various 
sizes, which receive quaint names, such as imperials, 
countesses, duchesses, &c. When about to be used 
for roofing, they are laid upon battens] on the roof. 
Holes are easily made by a small pick or pointed 
hammer ; and through these holes flat-headed nails 
are driven to fasten the slates to the boarding under- 
neath. The slates are laid side by side, and in 
tiers one above another ; each tier overlaps the one 
which lies beneath it, the more efiectually to keep 
out the rain. The over-lapping is such that every 
part of the roof is covered by two thicknesses of 
slate. 


2. Bricks, Tiles, and Brickwork. 

In some foreign countries, masonry is more impor- 
tant than brickwork, in relation to houses and other 
buildings. Such is not the case, however, in Eng- 
land. We are not largely supplied with quarries 
of good building-stone ; whereas our supply of clay 
fit for making into bricks is practically inexhaustible. 

Bricks and BRiCKMAKma. — Some of the earliest 
buildings recorded in history were of brick. The 
walls of the famous city of Babylon were formed of 
this substance. The clay for making the bricks was 
obtained fi:om the ditch which encompassed the 
city; it was moulded into form, then burned, and 
cemented into a wall by hot bitumen. The wall was 
of prodigious extent ; two hundred feet high, thick 
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enough to allow a chariot with four horses abreast to 
travel along the top, and long enough to be pierced 
with a hundred gates. The bricks (some of which 
are now to be seen at the British Museum) were of 
three difierent sizes; some were dried in the sun, 
others burned in a kiln. Many of the buildings 
were encased with finer bricks, laid and cemented 
with great nicety. The Egyptians used bricks very 
extensively, consisting of clay and chopped straw, 
and mostly dried in the sun. The Greets employed 
bricks less abundantly than the Egyptians. The 
Komans were well acquainted with brickwork ; their 
bricks resembled thick flat tiles, varying from eight 
to twenty-four inches in length. The ancient 
Persians made bricks both kiln-bumed and sun- 
dried, and mixed chopped straw with them to render 
the clay adhesive. 

The bricks used in England at the present day 
are sometimes made by machinery, but mostly by 
hand. Those of familiar size are about ten inches 
long, five broad, and three thick; but others for 
special purposes vary in size and shape. For 
making bricks, a particular kind of clay is selected. 
The soil is exposed to frost and wet during winter, 
to separate its particles, and enable them to combine 
better with ashes. In spring, a layer of ashes is 
laid on the clay, and the two are dug and mixed up 
together, in the proportion of about four of clay to 
one of ashes. Water is added ; and after much 
stirring and raking, the mixture becomes a black 
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streaky mass, wlaich is kneaded and worked in a 
revolving apparatus called a pug-mill. 

Bricks are made in wooden moulds, of which the 
bottom is loose from the sides. Two workmen aid 
each other. The feeder sejiarates a piece of clay 
sufficient for one brick, sands it, and hands it to the 
moulder^ who sands the mould, dashes the clay 
into it, strikes off the superfluous clay from the top 
by means of a straight stick, lifts off* the sides of the 
mould, and leaves the newly-made brick lying upon 
the bottom. The bricks, as they are made, are one 
by one placed upon small boards, carried to a lattice- 
work frame, wheeled away, and deposited in the 
brick-field in long rows called liaclis. The hacks 
are covered with straw, and so left until the bricks 
are dry. The next process is the burning ox firing. 
Tho bricks are not usually placed in a furnace 
or kiln, but are built up into a clamp or nearly solid 
mass, with breese or sifted ashes at intervals, and 
firewood in small flues. The whole is so managed 
that, when kindled, tho clamj) maintains a kind of 
smouldering fire for nearly a month, by tho end of 
which time the bricks are found to Be properly 
burned. 

For some purposes, bricks are kiln-baked instead 
of clamp-bumed. Various names are given to 
different kinds. Stoclc-bricks, place-brichs, clinhers, 
and turnovers^ depend for their difference on the 
comparative success or failure of the burning. Marl 
stoclcs contain a portion of lime ; Dutch clinhers are 
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small hard yellow bricks ; coping-hriclcs are used for 
the tops of walls ; coggiiig-hriclcB are applied to the 
indented work under copings; draining-hriehs are 
flat on one side and hollow on the other ; Jire-hrieJes 
are made of a kind of clay suited to resist great 
heat; paving-hrieJes are only half the ordinary 
thickness ; feaiher-edged-hriclcs, also thin, are occa- 
sionally us^ in wooden buildings. 

Tiles and TiLEMAKiNa.— S o far as concerns 
plain roofing tiles, they too much resemble bricks to 
need separate description ; but there are other kinds 
of tiles, of which a few words must be said. Ma- 
chinery is far more extensively used in making tiles 
than in making bricks. In some of the machines 
invented for this purpose, the clay is pressed into a 
number of moulds by rollers, as it comes out of the 
pug-mill; and the tiles are delivered upon an 
endless band. In others, the clay is moulded or 
pressed into a long fillet or a trough, the proper 
breadth and thickness ; and the fillet is cut into tiles 
by descending wiies. In others, the clay is forced 
by pressure through a hole of the proper sectional 
area, and is cut in pieces at regular intervals during 
its passage. By slight modifications of the appa- 
ratus, these and other machines would serve for 
making bricks as well as tiles. 

The roofing tiles of the ancients were simply flat 
bricks, dried in the sun or baked by heat. Those of 
the present day are either plans tiles or pantiles. 
The plane tiles are about ten inches by six, and are 
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quite flat ; they have holes through which wooden 
pegs can be passed to fasten them to the woodwork 
beneath. The pantiles arc larger, and are bent up 
in such a manner as to present concave channels for 
the trickling of water down the roof, thereby facili- 
tating the carrying ofi* of rain. One edge fonns a 
sort of hollow beading that laps over the ^ge of the 
adjoining tile, and jorevents the entrance of water 
beneath. Drain tiles are made arched, and are 
placed upon flat tiles called soles. It has become 
customary, however, to employ drain joijpes instead 
of tiles ; which pipes are largely made by ma- 
chinery. 

The ornamental tesselated tiles, used for the 
pavements of churches and other large buildings, 
consist of a mosaic of small square pieces. Clay of 
a particular kind is mixed up with colouring sub- 
stances, formed into flat cakes, and divided into 
small cubes either by pressing or cutting. Then, 
when a pavement is to be made, tliose cubes are laid 
side by side, in any determinate order according to 
the colours, to form a pattern. They are cemented 
down upon a groimdwork, and then constitute a 
flooring of a very durable kind. Encatisiic tiles are 
also ornamental in their character, like the tesselated 
variety just described ; but the decorative effect is 
produced by different means. Here each tile has in 
itself two or more colours, produced in a curious 
way. In the first place, a mould is prepared, 
obtained by casting in plaster from a clay model. If 

I 
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tlie tile is to display two colours, the mould has a 
device sunk about a quarter of an inch below the 
general level. Coloured clay, prepared to a par- 
ticular degree of stiffiiess, is pressed into the mould, 
whereby a tile is obtained about an inch thick, with 
one part of its device sunk a quarter of an inch 
belovr the rest. When dried, the sunken portion is 
filled up with another kind of clay of a different 
colour, mixed to the consistence of paste or plaster, 
and applied with a trowel. When the surface has been 
scraped, smoothed, baked, and glazed, it presents to 
view a tile with an ornamental device in two colours, 
elegant and durable. Some of the nations of anti- 
quity largely employed both tesselated and encaustic 
tiles for pavements ; and tiles of similar kinds 
have lately come rather extensively into use in 
England. 

Brickwork or Bricklaying. — The laying of 
bricks seems very easy work to the bystanders ; yet 
properly to lay fifteen hundred in a day (which a 
good workman will accomplish), requires much tact 
and experience, both in the adjustment and the 
cementing. Walls may bo from half a brick to any 
number of bricks in thickness; a ‘brick’ being 
about nine inches, that is, the length of the brick 
when shrunk by burning. If bricks were laid 
simply one on another in regular rows, the length oi 
every brick being parallel with the length of the 
wall, the wall would bo deficient in strength ; but 
by making them interlace, or cross, the length of 



briok-bond; mortar for brickwork. 131 

some of them being in the direction ^of the thickness 
of the wall, much additional strength is given. 
This interlacing is called the lond. There are 
many different kinds, called English bond, Flemish 
bond, herrhig-bone bond, garden-tvall bond, &c. 
The bricks which are laid lengthwise of the wall are 
called headers ; those placed breadthwise are 
stretchers; and the manner in which tlio latter 
alternate with the former gives a character to the 
bond. One kind of bond is most easy to produce, 
another is strongest, another is most pleasing in 
appearance ; and thus the bricklayer can adopt 
whichever kind best suits his purpose. 

In building brick walls, the lower part or founda- 
tion is made broader than the upper, to afford bettor 
support. In some walls there are piers or buttresses 
at intervals, for the sake of strength ; as, for instance, 
in lofty garden-walls, which are unprovided with 
ties or lateral supports of any other kind. 

The mortar employed by bricklayers is made of 
lime and sand in certain proportions. The best is 
considered to be that which is made of newly-burned 
quicklime from grey limestone, and river sand. The 
quicklime is thrown on the ground, and water is 
applied enough to slake it ; the sand is added, more 
water is poured on, and the mixture is well stirred to 
the proper consistency. If the ingredients be 2>i'o- 
perly selected and proportioned, the mortar will 
harden by degrees to a kind of stone ; but in the 
cheap houses, constructed by speculative builders, 
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the mortar is so poor in quality as speedily to 
crumble away. 

When the work of the bricklayer commences, he 
has at hand his trowel^ square^ level, and other 
tools ; and a labourer is near to supply him with 
bricks and mortar, carried in that curious receptacle 
called a hod. The lowest layer of brick is placed 
upon the earth, upon a bed of concrete, or upon 
planking supported by piles, according to the quality- 
of the soil and the excellence of the work ; it is broad, 
and very level, to insure the verticality of the wall. 
The layers or courses above it gradually diminish in 
width, until that breadth is reached which will give 
the proper thickness of the wall generally. A string 
stretched between two pegs enables the bricklayer 
to lay the bricks in a straight line ; the level enables 
him to maintain the upper surface horizontal ; the 
square adjusts the comers of buildings or the ends of 
walls rectangularly ; while the plumb-line determines 
the uprightness of the wall. Much nicety is needed 
in those parts of the work where interruptions to the 
plain line of wall occur ; such as apertures for win- 
dows and doors, arches, buttresses or other projec- 
tions, columns, pilasters, cornices, niches, and the 
like. In some of these, the aid of the carpenter is 
called for, to supply a framing of wood. 

The viaducts belonging to the various railways 
often present beautiful examples of brickwork. The 
tunnel for the undergi^ound Metropolitan Kailway, 
from Paddington to Farringdon-street, is distinguished 
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for superior workmansliip, althougli nearly hidden 
from" view. The south part of the new Exhibition 
building at Brompton, in Cromwell Koad, is one of 
the most important specimens of brickwork recently 
constructed. The use of coloured bricks — white, 
yellow, red, brown, and black — in church building, 
is becoming rather extensive, and is in many in- 
stances productive of beautiful effects. 

The bricklayer adopts apecuKar system in measur- 
ing his work. The standard of measurement is sup- 
posed to be a wall a brick and a half or 14 inches 
thick ; and a square piece of such wall, measuring 
about 16| feet on each side, is called a rod of brick- 
work. However the length, breadth, and thickness 
may vary, the rod always contains the same mass or 
quantity. Thus, a rod of brickwork, of whatever 
thickness, contains alx)ut 4500 ordinary bricks, and, 
with the mortar, weighs about 300 cwts. 


3. Limb, Mortar, Cement, anb Plastering. 

We next notice certain earthy substances which 
have these peculiarities in common, in reference to 
their use in house-building : they are used wet, and 
they assume a stony hardness as they dry. 

Lime, Slaked and Unslaked. — It is not easy, to 
place a limit to the usefulness of lime, as a substoco 
from which cements and concretes of various kinds 
are made. Our masons and bricklayers would equally 
be at a loss to give permanency to their walls with- 
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out it. Lime occurs as a carbonate in marble, cbalk, 
limestone, birds’ eggs, and fish shells ; as a sulphate 
in gypsum and other substances ; and as a phosphate 
in most kinds of bone. One very familiar mode of 
obtaining lime is to take ordinary limestone, mix ^ it 
with coal or some other fuel, and set fire to the fuel ; 
by degrees the heat drives off all the carbonic acid 
from the lime, leaving the latter in the state called 
quicldime. 

In the practical operations of a lime-kiln, as a 
matter of trade, various modes are adopted. Some- 
times the kiln is merely a conical hole in the ground, 
with a contrivance for getting at the lime at the bot- 
tom ; sometimes it is a structure, having the shape 
of an inverted cone, or nearly that of an egg ; some 
are cylindrical, others square. The selection of the 
kind of hincstone, and the form of the kiln, deter- 
mine the quickness and completeness with which the 
carbonic acid is driven off. The limestone is broken 
up into pieces, and is placed in alternate layers with 
fuel. Some kilns are so constructed as never to be 
emptied and never extinguished for a whole year 
together ; new materials are thrown in at the top as 
fast as quicklime is drawn out at the bottom. Ac- 
cording as coal, coke, furze, or peat is employed as 
fuel, so do the operations vary a little in detail. 

Thus, then, is quicldime or caustic lime produced. 
It is useful for many purposes in this state ; but to 
the builder and the civil engineer it is more service- 
able as slaked lime. When quicklime ijs sprinkled with 
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water, a strange change takes place ; the lime is 
absolutely thirsty for water; it drinks up a great 
deal, and yet remains dry at the surface ; it becomes 
hot, hisses, cracks, swells, and falls to powder. By 
various modes of conducting this process, slaked lime 
is produced of diverse quahties, apphcable to diflerent 
jmrposes. 

Cement and Conciiete. — In almost all the varie- 
ties of these useful substances, lime 2jlays an impor- 
tant part. Slaked lime, also called hydrate of hme, 
when mixed with sand or gravel, forms many kinds of 
mortar, plaster, cement, and concrete, according to 
the proportions of the ingredients, the mode of mix- 
ing, and the addition of other substances. If the 
sand is coarse, like gravel, the mixtui'e becomes 
concrete ; if the lime is accompanied by clay, the 
mixtui’e obtains the name of hydraulic cement, and 
is fitted for use under water. Lime gives to the 
mixtui’e the character of limestone, sand that of 
sandstone, and clay that of brick ; insomuch that 
different properties are seciu’ed by various ratios in 
the ingredients. 

The peculiar way in which some of the mixtures 
harden under water has led to the introduction of 
many kinds of cement and artificial stone, some of 
which have been patented. Parker’s Roman cement 
is a well-known variety. Within a certain limit, 
this cement will harden under water the more quickly 
according to the ratio of clay combined with the 
lime. The calcining or burning of tho limestone for 
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cement-lime requires to be more carefully conducted 
than for mortar-lime. In some places the natural 
stone dug or quarried contains all the necessary in- 
gredients for making good water-resisting cement. 
Portland cement, on the other hand, is made from 
an artificial mixture of clay and burnt chalk. When 
employed as a cement between large blocks of stone 
for building or engineering purposes, it becomes 
almost as strong as the stone itself. 

Certain kinds of cement are made with gypsum 
or sulphate of lime, instead of common or carbonate 
of lime, and are applied to numerous purposes in 
the arts. It is to this class that the very useful 
substance ^piaster of Paris belongs, so valuable on 
account of the facility with which it can be cast into 
moulds. 

Plaster and Plastering. — The department of 
house-building which devolves upon the plasterer is 
the laying of a coat of plaster upon brickwork or 
woodwork. The substance used is not exactly 
mortar, such as is employed to cement bricks ; nor 
is it the kind selected by stonemasons ; it contains 
no sand, being made principally of lime. If applied 
to the surface of brickwork, the roughness of that 
surface enables the plaster to hold or cling firmly ; 
but if applied to wood, as in the ceiling and walls of 
ordinary rooms, a rough layer is necessary before the 
application of the fine plaster ; this rougher material 
contains cow-hair mixed with the lime, to impart a 
more cohesive action. 
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Considering the mode in which the plaster of 
rooms is applied to wooden laths, it is remarkable 
that the retention should be so complete as it is. 
These laths are made of deal, split or sawn into 
various sizes. Supposing a ceiling to be under pro- 
cess, the first substances acted upon are the joists under 
the flooring of the roof above. Laths are nailed up 
to these joists, in parallel rows and nearly close toge- 
ther. This done, the plasterer takes a small square 
tray or board in his left hand, receives from a labourer 
a supply of coarse plaster, and applies it to the laths 
by means of a flat square wooden trowel. Some of the 
plaster passes in between the laths, and by that means 
facilitates the cohesion of the entire mass. A long 
straight-edged piece of wood is scraped against the 
wet plaster, to make it even and regular. When this 
prepared surface is ready, a thin layer of finer plaster 
is applied, with more care as to quantity, distribution, 
and smoothness. 

Some of the mouldings for the cornices of rooms 
are made of solid plaster, by the aid of moulding- 
pieces of various kinds. If of large size, however, 
such masses would be likely to fall down by their 
own weight. To prevent this, it is customary to fix 
up properly shaped brackets or projecting-pieces at 
intervals, to nail laths up against these brackets, and 
to apply the plaster to the laths. The plaster orna- 
ments in the centre of ceilings, and some of those at 
the junction of walls and ceilings, are made by cast- 
ing in a mould. 
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up-and-down motion is given. The log of wood is 
placed horizontally in a frame so adjusted that it 
can travel from end to end; that is, the log can 
advance up to the saws as fast as the latter can 
effect the cutting. A still more complete kind is 
the circular saw, sometimes nearly twenty feet in 
diameter. This saw is made of a number of thin 
pieces of steel ingeniously adjusted ; it rotates on its 
axis with great rapidity, and the wood is driven up 
against its edge to be cut. 

Besides saws of various kinds, numerous machines 
of most ingenious construction are now used for the 
cutting and shaping of wood. Planing, dowelling, 
doveiailing, grooving, tenoning, moulding, rehating, 
and other carpentering processes, are in the present 
day effected very rapidly by machines specially in- 
vented for those purposes, and with greater accuracy 
than by hand. 

In such undertakings as the Great Exhibition 
building at Brompton, it would be impossible to 
execute the work in tho stipulated time or at the 
stipulated price were not the aid of machinery ob- 
tained in shaping and preparing tho wood. "V^ero 
flooring is estimated by the cbcre, and sash bars by 
the mile, the necessity for mechanical , aid becomes 
apparent. 

Not only is the timber-work of buildings now 
prepared by machinery; but even such trifling 
articles as firewood and lucifer-matches are cut by 
steam-worked mechanism of a Lighly-finished and 
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elaborate kind, such as can only be rendered profitable 
by an enormous demand. There are machines now 
at work which will cut and shape millions of lucifcr 
splints in a day. 

Carpentry and Joinery. — The work of the car- 
penter comprises a multitude of details, in the 
shaping and fitting of the pieces of wood to which 
his attention is directed. Sometimes his work 
requires him to join thin pieces together to obtain 
the desired strength. This is done by scarfing. 
The ends of the two pieces are partially cut througli, 
in such a way that each may fit into the other with- 
out increasing the width or thickness at that part. 
The mode of giving additional strength to a long 
beam, without altering its dimensions, is trussing. 
This consists in cutting away certain parts of the 
beam, and letting in bars, rods, or plates of iron, in 
such directions as to add to the strength without 
much increasing the weight. One mode of joining 
two timbers crossmso is by the tmon and mortice^ 
producing a joint strong and not unsightly. A 
mortice is a hole cut into the side of a beam; a 
tenon is one end of another beam so shaped as to fit 
the mortice. Another mode is by the dovetail; 
where the tenon is made to spread out wider at the 
end, like a dove’s tail, and the mortice or hole is 
made of corresponding shape. 

All these are matters which the carpenter must 
understand ; and also those processes which are 
necessary for making panels, doors, windows, &c. 
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Technically, there is a diJBference between a carpenter 
and a joiner ; the former shapes and fixes all the 
larger timbers for a house ; whereas the latter makes 
the doors, windows, staircases, &c. Both use the 
same kinds of tools, difiering only in fineness and 
accuracy. Planes are employed in great variety, 
partly to shape and partly to smooth the wood ; they 
consist of sharp steel tools inserted in stout wooden 
frames. Saws have already been noticed, as the 
most indispensable tools in wood- working. Chisels 
are required in many shapes, either used with a 
mallet, or pressed by the hand. Gouges afibrd 
means for working out hollow places in wood. 
Gimlets enable the carpenter or joiner to make holes 
for screws ; and hrad-awls for nails. Augers make 
larger holes ; and centre-hits are employed for making 
holes of certain definite shapes. Screws and nails, 
hammers and pincers, screw-drivers, rules, levels, 
squares, plummets — all aid the labours of these 
handicraftsmen. 

One adjunct indispensable to the joiner is glue. 
However skilful his mechanical joinings may be, his 
work could not be completed without the aid of a 
cement which will unite pieces of wood. Such a 
cement is gllie, made by boiling down the refuse of 
skins, hides, tendons, horns, and hoofe. The gelatine 
contained in these substances is extracted by boiling, 
and cooled down into flat cakes ; these are ^terwards 
melted and liquefied for use. 

Fancy-woods and Cabinet-makino. — J f we sup- 



WOOD FOB CABINET WOBK. 


145 


pose a house to be built, and about to be furnished, 
we then meet with a different selection of woods ; for 
beauty of appearance is here more sought than groat 
strength and durability. Mahogany is the most 
useful of all the fancy furniture woods ; it would be 
one of the best even if it were not beautiful in ap- 
pearance ; for it is very durable, and can be obtained 
in pieces of enormous size. The common kind is 
called Honduras mahogany; the Sjpanishy more 
pleasing in colour and grain, is reserv^ for the best 
work. Walnut-wood^ once much in fashion for good 
furniture, has been almost superseded by mahogany. 
Lance-ivood, although not much used for furniture, 
is applicable to many special purposes on account 
of its lightness, strength, and elasticity. Ebony is 
one of the darkest, dearest, and most durable of 
woods ; but being costly, it is used only in small 
pieces, and generally as a veneer. Rosewood is used 
chiefly as a veneer, but in larger pieces than ebony. 
King-wood, of a dark chocolate colour, veined witli 
fine black lines; zebra-tvood, with a colour and 
markings which have suggested its name ; beef -wood, 
hard, heavy, and pale red ; tulip-wood, hard, and 
clouded with red and yellow; satin-wood, yellow 
and glossy; maple-wood, light in colour, and very 
elegantly diversified "with a twisted grain ; sandal- 
wood, hght brown, with a golden wavy grain ; iron- 
wood, dark in colour, and nearly as hard as ebony — 
these are among the chief kinds of fency wood em- 
ployed by the cabinet-maker. 


K 
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The cutting-up of these valuable woods into 
veneers^ or thin slices, is a curious process. The 
employment of such veneers is a mask or deception ; 
for the wood which does not meet the eye is cheap 
and inferior; but like many other masks, it has 
grown to bo a custom of our age. Various modes 
have been adopted in past times of slicing up valu- 
able woods into veneers ; but the plan generally 
adopted at present is to employ circular saws of 
Lii'ge diameter, so nicely adjusted as to separate logs 
c4‘ wood into parallel layers of remarkable thinness 
and regularity. 

The labours of the calmet-maher almost tell their 
own talc. He is a worker in wood, who avails him- 
self, to a greater or less extent, of all the appliances 
noticed in this section. He has not much to do with 
llie rough tools enij)loycd by the carpenter ; but he 
is familiar with all those used by the joiner, and with 
more besides. Ho must know how to veneer, to 
inlay, and to The veneer is fastened down 

io tlie wood beneath by means of glue, applied hot 
to the warmed surfaces of the two pieces. This is a 
process recpiiring much nicety where the surfaces are 
curved. Inlaying is an adjustment of small pieces, 
usually veneer, in such way as to produce a pleasing 
pattern by the differences in the colour and grain of 
the wood. When the veneered or inlaid surface is 
dry, it is scra])ed and smoothed, and finally rendered 
glossy by a varnish or i)olish made of sundry gums 
and spirits. 
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5. WAiiL AND Floor Coverino. 

So countless are now the conveniences and adorn- 
ments of rooms, especially in the houses of the 
wealthy, that a mere enumeration of them would be 
beyond the limits of this work. Of those made of 
wood^ the section just finished will aflPord some idea ; 
of those made of textile material, such as hangings 
and curtains, the details given in the sections re- 
lating to cotton, wool, and worsted manufactures will 
suffice. The glass for the windows and the mirrors, 
as well as the paint for the walls, &c., will be noticed 
in the chapter relating to mineral manufactures; 
while the lead for the plumber, the' iron and brass 
for the furnishing ironmonger, and the gold for the 
gilder, will claim attention in the chapter relating to 
metal manufactures. The paper-hanging for the 
walls, and the oil-cloth and carpets for the floor, may 
conveniently be noticed in this section. 

Paper-hangings. — The days of tapestry are gone. 
We do not now, even in the houses of the wealthy, 
see the walls of rooms covered with an elaborate 
textile material prepared by the delicate fingers of 
ladies ; or if such be ever done in these times, it is 
as a curiosity or as a labour of love. The regular 
use of tapestry died away in the middle ages. To 
that succeeded the practice of panelling — covering 
the walls with well-made panels of oak or walnut or 
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some other kind of wood, and allowing the wood to 
remain in its bare iinj)ainted state: depending for 
its beauty on the colour, the grain, and the polish. 
A later stage was that of making the panelling with 
common wood, and trusting to oil-paint as a means 
of imparting beauty to it. A still more superficial 
plan was that of Pencilling ^ or imparting a coloured 
pattern to the surfiice of a plastered wall, by brushing 
a liquid paint through holes in a stencil-plate placed 
flat against it: the holes in the plate being cut 
according to some definite pattern. 

At what date the neat, cheap, and efiective con- 
trivance of 'pafper-lianging^ was brought into use, is 
not exactly known ; but it is supposed to have been 
almost two centuries ago. The paper is called 
Jiangingfi, only Ixvause it superseded the tapestry 
hangings of earlier days ; for it is in reality pasted, 
not hung. The removal of the excise duty has ren- 
dered paper-hangings so cheap, that they are now to 
be seen in the houses of all except the very humblest 
classes, imparting a clean and wholesome appearance, 
though not always in good taste as to colour and 
pattern. 

Paper-hangings are painted on one surface, not 
stained through the whole substance. Difierent 
modes are adopted of attaining this end. One, 
formerly much practised, but regarded as too slow 
and expensive at the present day, consists in en- 
graving the outlines of the pattern on a wooden 
block, printing this outline on the paper, and filling 
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up the details of the pattern with a pencil or small 
brush. A second method is that of steiicillmjy just 
noticed. A third consists in engi’aving as many 
blocks as there are colours in the pattern, wetting 
each block with its own particular colour, and press- 
ing them down on the paper in succession — in such 
way that each colour shall keep clear from the spots 
covered by any of the other colours. A fourth plan 
consists in employing engraved cylinders instead of 
blocks, as many as there are colours, and applying 
them nearly as in calico-printing. 

The colours employed consist of pounded whiting, 
mixed with mineral paints, and liquefied by means of 
melted size. In the block method, the paper, in 
pieces twelve yards long, is laid down on a bench, 
and painted aU over with some one uniform ground 
colour. After this, the colours of the pattern are 
separately applied. Each colour is spread with a 
brush on a frame covered with leather or flaimel ; the 
block, laid face downward upon it, takes up a thin 
layer, which is at once applied to the paper ; and so 
on with all the colours in succession. 

By various manipulations, paper-hangings of very 
diverse kinds are produced. Satin papers, fioch 
papers, striped papers, hlended papers, bronze 
papers, washable or varnished papers, are among 
these varieties. 

Carpets and Floor-cloth. — ^What paper-hang- 
ings are to the walls of our rooms, floor-cloth is to 
the fioor^ a cheap substitute for something more 
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costly, and a neat substitute for something more 
coarse and clumsy. In ages long gone by, the 
mansions of the wealthy and high-bom exhibited 
floors made of polished oak, in which the several 
pieces of wood were disposed in an artistic or orna- 
mental form, constituting parquetry. In those same 
times, the room-floors of humbler dwellings were too 
often bare earth ; sometimes brick or tile ; sometimes 
bare boards of the commonest kind ; and sometimes 
strewed with rushes. Even the great hall of tho 
baronial mansion was often, on festive occasions, thus 
strewed with rushes. When, or on what occasion, a 
woven material was first employed among us as a 
floor-covering, is not known ; but there seems reason 
to believe that the precursor of tlie modern carpet 
and oil-cloth was a coarso kind of drugget, warm and 
neat, but in no sense beautiful. Even dovui to tho 
middle of tho last century, carpets were very little 
used in England. 

At tlio present day, the carpet trade is a very 
important one. At Halifax, at Kidderminster, and 
in certain parts of Scotland, tho manufacture is con- 
ducted on a large scale. The names Scotch^ Wilton, 
Kidderminster, Axminster, Brussels, Venetian, ^c,, 
as applied to carpets, at first denoted particular kmds 
made at the places thus named ; but though the 
kinds remain, and with them the names, many of the 
places have almost ceased to produce carpets. Of 
the processes of manufacture, it is not necessary to 
say much, in addition to the details given in a for- 



OAEPETS AND FLOOR-CLOTH. 


151 


mor chapter relating to worsted goods. A carpet 
has to be spun and woven, just as a piece of clotli, 
but with certain modifications, depending on the use 
to which the substance is to be applied. Carpets are 
thicker than any kinds of cloth ; and although their 
surface exhibits only wool, there is flax incorporated 
with most kinds, for strength and for cheaimess. 
The weaving is of a peculiar character, to enable 
different layers of warp-thread to interlace well 
among the weft. In some kinds the surface is soft 
and plushy : this effect is produced by cutting some 
of the woven tlureads in the same way as in making 
velvet. 

The useful and often beautiful substance, floor- 
cloth ^ is, as wo ’have said, an advantageous substitute 
for carpet under certain circumstances. The cloth 
of which it consists is sometimes of hemp, but more 
generally of flax ; and it is woven, chiefly in and near 
Dundee, to the enormous width of four, six, or even 
eight yards. The bales of canvas, when woven, aro 
cut into pieces of convenient length. The pieces aro 
stretched vertically in a frame, almost as tightly as 
the parchment of a drum. Workmen, standing on 
ranges of scaffolding in front of the canvas, then 
apply hot size to it, and rub it well with pumice- 
stone, to smooth away the asperities, and partially 
fill up the pores. When dry, the canvas receives a 
groundwork of colour laid on with a kind of trowel, 
the paint being almost without turpentine, and much 
thieW than that employed by house-painters. This 
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is for the hade of the canvas or floor-cloth. The 
front or face is then sized, rubbed with pumice, and 
coated with paint many times over, to produce a 
proper degree of solidity and smoothness. 

Then comes the device or pattern. This is cut or 
engraved upon blocks, one for each colour ; and the 
blocks adjust or ‘‘ register ” with each other just as in 
calico-printing or in paper-staining. The canvas is 
spread out upon a long table. Each block is taken 
in turn, and is dipped face downwards upon a cushion 
previously wetted with paint of the proper colour. 
A layer of paint is thus taken up, and is transferred 
to the prepared canvas, as in printing. Varied as 
are the patterns of the best kinds of floor-cloth, the 
processes are nothing more than a repetition of those 
here described. The colours are applied one by one, 
and fall into their proper places ; the engraving of 
the blocks and the skill of the workman being 
directed to this end. 


From the cottage of the workman to the palace of 
the Queen, stone, brick, mortar, cement, wood, tiles, 
slates, and woven materials are used in the modes 
just briefly described The principles of application 
are the same in all ; the details only vary. 
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1. LIGHT-PRODUCING CONTRIVANCES. 

THB TINDER-BOX. — LUCIFERS AND OONGBEVES. 

2. COAL AND COLLIERIES. 

COAL AND COAL-FIELDS.— COLLIERS AND COAL-MININO, 

3. COKE, CHARCOAL. PEAT. AND ARTIFICIAL FUEL. 

COKE AND CHARCOAL.— PEAT AND ARTIFICIAL FUEL. 

4. GAS-MAKING AND STREET- LIGHTING. 

OAS-HAKINO. — OAS-LIQHTINO. 

5. TALLOW, PALM OIL, AND CANDLES. 

TALLOW.— I’ALM OIL. — CANDLES AND CANDLE-MAKING. 

6. LAMPS AND THE FUEL TO FEED THEM. 

WHALE nSHEBY AND WHALE OIL. — COLZA AND OTHER OILS. 
— CAMPHINE. PARAFFINE, &C. 
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CHAPTEE IV. 

OUE SUPPLY OF FIEE AND LIGHT. 

Few persons would imagine, until attention had been 
paid to the matter, how large a portion of indusirijil 
labour and skill is involved in the production of arti- 
ficial Fire and Light The indisi)ensable necessity we 
have for those aids, in our daily life, is almost kept 
out of mind by the very familiarity of the subject ; 
we seldom conceive ourselves to be without them, 
and therefore can hardly realize the possible intensity 
of the privation. It is only the poor, in a severe winter, 
who are entitled to speak on this matter. Coal, 
coJce, charcoal, peat, artificial fuel, sulphur matches, 
Congreve matches, gas, lamp oil, tallow, candles, palm 
oil, bitumen, petroleum, paraffine — these will show 
how wide is the range of commerce and industry 
conceived in the production of fire and light. 

1. LlGHT-PBODIJOINa CoNTBIVANCES. 

Before we can understand how light and heat are 
communicated firom one substance to another, we 
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must pay attention to the modes of producing them, 
in the first instance, from substances which are at once 
opaque and cold. 

The Tinder-box. — ^How to produce a light, both 
08 a light and as a means of producing fire, is one of 
the earliest problems which man set himself to answer. 
Friction we know to be one of the means of producing 
heat ; and of friction primitive nations mostly avail 
themselves for this purposa . Two pieces of wood may 
be so rubbed together as to produce smoke, and then 
flame ; and this mode is much adopted by wandering 
tribes. A blacksmith, hammering one cold piece of 
iron with another, and with no magic save that which 
resides in his own lusty arm, can produce a red heat 
which wiU easily kindle sulphur and some other sub- 
stances. In these instances we have wood against 
wood, iron against iron ; but mankind could not long 
have been acquainted with the use of metals wi||)iout 
observing that, when a hard piece of stone is struck 
obliquely against a hard piece of iron or steel, sparks 
are struck off— small particles of metal made red hot 
by the effect of the hard blow. These red-hot par- 
ticles, if allowed to fall upon charred linen, will heat 
it to such a degree as to kindle sulphur. Thus we 
have the philosophy of the flint and steely the tinder-- 
box, the brimstone maich. 

Then, when chemical science had made advances, 
it became known that flame would result from the 
contact of many different substances ; and the inge- 
nuity of man was directed to the adoption of some 
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methodby which these substances could be brought 
to use. Some philosophers thought the compression 
of air might be rendered available for producing a 
light ; it can certainly so be applied ; but the appa- 
ratus is too troublesome to be conveniently used. 
The science of the matter is simple enough. Air 
becoming heated when compressed, it is possible so 
to place a piece of German tinder in the bottom of 
a small piston, that when the piston is forced into a 
tube closed at the lower end, it so heats the air by 
compression as to kindle the tinder sufficiently to 
inflame a brimstone match. But this method, and 
others useful to scientific men in some of their experi- 
ments, are too elaborate for every-day life. 

Phosphorus, when placed between the folds of a 
bit of paper, and rubbed to and fro, will heat suffi- 
ciently to kindle a sulphur match. Again, phospho- 
rus, when treated in a particular way, forms an 
oxide which will readily kindle sulphur. This sug- 
gested the ligids md. phosphorus boxes, 

so well known thirty or forty years ago. Some one 
made the discovery that if alum, sugar, and flour be 
combined, the mixture has a tendency to take fire on 
exposure to the air; and this fact was rendered 
available by a contrivance called Homberg’s '^ro- 
phorus. When it became known that chlorate of 
potash, mixed with a little sugar, kindles into flame 
on contact with sulphuric acid, chlorate maiches were 
produced. Matches were first dipped in melted 
sulphur, then in chlorate of potash ; a bit of asbestos 
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was soaked in sulplmric acid and put into a bottle ; 
and then, by pressing the end of one of the matches 
upon the asbestos, light was produced. A modification 
of this arrangement, called the p*omeiheany lired its 
little day, and then gave way to something cheaper. 

Luoifees and Congreves. — K lucifer match, 
trifling as it may appear, is one of the triumphs of 
civilization. Although it may not sell for the hun- 
dredth part of a farthing it is still a great achievement 
— not possible until steam engines had been rendered 
available for the sawing and cutting of wood, and 
chemical 'science had developed the properties of 
many new substances. 

Our present lucifer and congreve matches grew 
out of the various contrivances just noticed. Chemists 
and practical men made themselves acquainted with 
the properties of sulphur, phosphorus, chlorate of 
potash, sulphuric acid, sulphuret of antimony, char- 
coal, and other substances, in relation to each other 
and to heat ; and the result is that we have now 
matches that require nothing but slight friction 
against a bit of sand paper to produce a light. The 
making of these invaluable little implements involves 
three branches — the forming of the splints, the 
tipping with chemical composition, and ihe making 
of the boxes. The splints or matches are made of 
the best deal, as being cheapest in the end, on account 
of the facility of working. The severance of a large 
plank into these tiny bits is a work of surprising 
ingenuity and celerity. Circular saws cut up the 
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planks into blocks three or four indies long. Each 
block is then cut into slices by a machine which 
presents fifty or more lancet-shaped points in a row, 
and at a distance apart equal to the intended thick- 
ness of the splints. At the same time a long blade, 
acting in another direction, cuts a pile of these slices 
into splints, such as we are familiar with in every-day 
life. All this is veiy surprising to look at ; for the 
machinery is so beautiful as to create wonder that 
profit can be derived from its use upon such humble 
articles ; but the truth is, it works with such rapidity 
that the pemiyworths of produce mount up to a 
formidable sum. One machine will cut sixty thou- 
sand well-made splints per minute ! Some splints 
arc round or cylindrical ; they receive their shape by 
being forced through small holes in a steel plate. 
The Germans can make these round splints, and sell 
them wholesale at the rate of three or four thousand 
for a farthing. 

The tipping of the splints with composition is a 
chemical affiiir. The ends of a bundle of splints are 
dipped in melted sulphur ; and then, after drying, 
into a hot liquid composition of phosphorus and other 
substances. This is dangerous work ; for the slight- 
est mistake in the order of proceeding, or in the 
handling of the apparatus, might speedily set the 
whole building in flames. Cigar made of soft 
cardboard steeped in nitre, belong to the same 
family as lucifers and congreves, etnas and vesuvians, 
with certain variations in the composition employed. 
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Lucifer-boxes are another marvel of cheapness. 
Some are made of tin, with a hinged cover ; some 
are turned in wood ; but the kind now most gene- 
rally used in England is a flat box inclosed in a case. 
For these boxes, the wood is brought to the state of 
a shaving by means of a peculiar machine ; it is cut 
up into strips, and these strips are glued into form 
with surprising quickness. 


2. Coal and Collieries. 

That the substances available to us as sources of 
light and heat are numerous, every one knows. 
Where trees are scarce and coal unknown, as in the 
sandy plains of the East, dried cameVs dung is often 
used for fuel. Where vegetation occurs, dried leaves 
are an occasional source of heat. Where forests arc 
abundant, wood is the most generally known of all 
kinds of fuel. Where coal is plentiful, as in England, 
timber trees are appropriated to other purposes than 
fuel, and coal is used in its stead. When heat is 
wanted without flame, man avails himself of charcoal 
made from wood, or coJce made from coal. Where 
peat-bogs are extensive, as in Ireland, the peat is 
rendered serviceable as fuel. Lastly, wherever 
tallow, fat, oil, spirit, resin, or turpentine are easily 
obtainable, there may we expect light and heat to be 
at our disposal. We shall now, therefore, treat of 
these matters. 

Coal and Coal-fields. — England unquestion- 
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ably owes much of her greatness to the vast stores of 
coal which lie beneath the surface. Were it not for 
this coal, our iron and other manufactures, our steam 
engines and machines, our railways and iron ships, 
would never have risen to their present pitch of 
excellence. Nor would our dwellings be warmed so 
comfortably, or lighted so cheerfully, were this boun- 
teous supply wanting. 

Coal is of vegetable origin ; supposed to have been 
formed by the long-continued action of heat, mois- 
ture, and pressure on vast masses of vegetable sub- 
stance. Such is really all that our scientific men 
know on the subject. Some coal, such as the Welsh 
steam coal or anthracite, consists of little else than 
carbon, in a very dense state ; while other kinds, 
such as Staffordshire Oannel coal, are rich in bitumen, 
on which our gas-lighting mainly depends. 

No one has yet measured the quantity of coal still 
in store in our country. It is pretty certain that 
the supply will last us for thousands of years, let 
the population of these islands increase as rapidly 
as it may. Coal underlies the surfiice in isolated 
patches ; each patch constitutes a eoaUjicM ; and 
each coal-field comprises many beds of coal separated 
by earthy or stony strata. The principal coal-fields 
are the following : — Northumberland and Durham ; 
North Yorkshire ; South Yorkshire ; Nottingham and 
Derby ; Staffordshire ; Lancashire ; Whitehaven ; 
Leicestershire ; Wanvickshire ; Coalbrook Dale ; 
West of England; Forest of Dean; Anglesca; 

L 
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South Wales ; and the centre and south-west of Scot- 
land. Ireland has very little coal ; and this is one 
cause for the backward state of that country in com- 
mercial matters. Each of these isolated coal-fields 
had probably its own geological history of submerged 
forests ; but of that history we know nothing. 

The several coal-fields differ much in the number, 
thickness, and quality of the beds of coal. The 
chief kinds are the ealdng, the cannel, and the stone 
coal, differing mainly in the proportion of bitumen 
combined with the carbon. All the coal-beds, and 
all the strata interposed between them, form collec- 
tively coal-measures ; and these, with certain thick 
layers of limestone and sandstone beneath them, 
constitute a coal-formation. Some of the beds are 
very near the surface ; others are reached by digging 
down to a depth of nearly two thousand feet ; some 
are so deep as hardly to pay for working ; while a few 
run out to a distance under the sea. Most of them 
arc a little inclined from the horizontal. Two or 
three of the English coal-measures have as many 
as a hundred alternations of coal, clay-slate, and sand- 
stone. The thickness of the seams of coal varies from 
one inch to fifty feet. When the scam is not thick 
enough for a man to creep into the space left by its 
excavation, the coal-mining ceases to be profitable at 
that spot. When the coal-measures include among 
their strata valuable beds of iron ore, iron-works are 
pretty smo to spring up at that spot ; seeing that the 
ore, and the coal to smelt it, arc found near together. 
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Some mines, sucli as those of Northumberland and 
Durham, occur so near the sea as to aftbrd great 
facilities for the shipment of coal to other places. 
No less than three million tons a year are shipped to 
London from the banks of the Tyne, Wear, and 
Tees ; besides another million or more brought by 
railway from other districts. 

Colliers and Coal-minino. — In commencing a 
colliciy^, a perpendicular shaft is generally dug in the 
first instance ; deep enough to cut through several 
seams of coal with the intervening layers of stone 
and earth. This shaft, usually cii*cular, is from six 
to ten feet in diameter. As each bed or seam of coal 
is reached, side passages are dug from the shaft into 
or through the coal itself ; as high as the thickness 
of the seam, and ten to fourteen feet wide. These 
passages are called hords ; the earth aix)vo is the 
roof, and that beneath the thill. Other but smaller 
passages, called headways, are dug at right angles 
to the bord, and other bords at right angles to those 
headways ; until at length the seam of coal is inter- 
sected by a chequer- work of avenues, eight or ton 
yards apart, mostly large enough to permit men and 
horses to work in them. Lower and lower, as the 
shaft descends, each seam is treated in this way. 
The shafts servo many purposes ; for the miners 
ascend and descend by means of them ; the coal is 
brought up them ; the water which accumulates in 
the mine is pumped up them ; and the fresh air to 
ventilate the mine is sent down them. Steam-engines 
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are now used in nearly all our coal-mines, to assist 
in these various labours, which become very formi- 
dable when the mine is deep, or much flooded with 
water, or much vitiated by inflammable gases. In 
the best mines, the miners are raised and lowered by 
steam-power ; but in too many instances the ascent 
and descent are made laboriously by means of ladders 
— a sad waste of muscular power, and an equally 
sad disregard of human comfort. 

The miners work in the herds and headings, dig- 
ging away the coal on cither side. At first the open 
passages bear but a small ratio to the untouched 
coal ; but by degrees the coal is dug away, and there 
is more empty space than solid substance. In fact, 
all the coal is removed, except so much as is neces- 
sary to form pillars or piers for supporting the roof 
above. In some places timber props arc erected, 
instead of leaving coal pillars. The miners, in exca- 
vating the coal, cut fissures at the top, bottom, and 
sides of a cubical mass, and introduce a charge of 
gunpowder in a hole bored at a particular spot. The 
exploding of this powder loosens a mass of perhaps 
fifty or a hundred tons ; and the miner’s operations 
are thus greatly facilitated, his pick and shovel 
being then his chief tools. The coal, as dug, is 
shovelled into baskets, or tub-shaped boxes called 
corvee. Tramways are laid down in the various 
passages ; and horses, men, or boys, are employed 
to drag small low carriages on which the corves are 
placed. Women and girls used to be employed at 
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this work ; but the Legislature has put a stop to such 
a degrading system. When arrived at the shaft, 
the corves are lifted to the surface by steam-power. 
The pitmen carry lighted candles in iEront of their 
caps ; but if the air of the mine be vitiated with in- 
flammable gases, wire-gauze safety-lamps are used 
instead, to prevent explosions. The dreadful acci- 
dent at the Hartley Colliery, in January, 1862, by 
which two hundred and twenty human lives were 
sacrificed, illustrated some of the many perils to 'which 
coal-miners are exposed. 

When drawn up to the surface, the coal is then 
generally screened ; that is, it is made to fall upon 
a kind of sieve, which separates the lumps from the 
jDOwder. The powder is sold at a low price to manu- 
facturers ; while the lumps command a higher price 
as house-coal. All the important coal-mines in 
Great Britain are now connected, by railway, either 
with sea-ports or with the great railway stations, 
whereby the facihty of transport is greatly increased. 
At Hartlepool, as one among the best recent examples, 
railways converge from every part of Durham county, 
bringing coal from the rich mines ; and these rail- 
ways are so connected with staiths, or elevated plat- 
forms, that ships in the harbours can receive their 
ladings of coal 'with extraordinary ease and rapidity . 
Other railways from other pits transfer coal to the 
care of railway companies instead of to shipowners ; 
and thus a healthy competition is maintained in the 
supply of coal to our busy centres of population. 



166 


COKE AOT) COKE-lVIAKINa 


3. Coke, Chaecoal, Peat, and Aetificial Fuel. 

.Wc here group together four kinds of fuel which 
bear a certain relation to coal, but are not coal in its 
ordinary state. 

Coke and Chaecoal. — CoJee is coal deprived of 
nearly all its hydrogen or flame-producing clement, 
but retaining the carbon or heat-giving portion. At 
gas-works, coal is converted into coke in order to 
obtain gas from it; the coke being regarded as a 
residue, to be disposed of according to the best mar- 
ket that offers. For locomotive engines, and for certain 
processes in the arts, coke is better suited than coal ; 
and thus coal is coked, in such instances, for the sake 
of the coke rather than of the gas. 

There are many ways of making coke. If a heap 
of coal were closely covered in with earth, except 
small openings to permit the escape of gases, and 
were set on fire, it would be converted into a kind of 
coke ; because the gases would bo driven off*, while 
the carbonaceous portion would not be fed with a 
sufficiency of air to burn away. Where the process, 
however, is required to be carried on in a more com- 
plete way, coJee-ovGus are built. Each of these ovens 
has an opening at the top, at which to put in the 
coal ; and another near the bottom of one side for the 
removal of the coke. At some of the large iron- 
works, and at the great railway depots, several flat- 
roofed coke-ovens are ranged in a row, with a railway 
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mnning along the top, in such a TOy that trucks 
laden with coal may conveniently travel along the 
whole range, and deposit their contents in tlio ovens. 
Another railway, laid on the ground in liont of tlio 
ovens, affords similar facilities for canying away the 
coke when made. The burning is allowed to be very 
fierce at first, to get rid of the coarser smoko and 
most of the gases ; but the oven is nearly closed by 
degrees, and merely a close heat maintained. 

Good coke has something of a crystalline structure, 
and is much harder than coal. About one fourth of 
the weight is driven off during making ; but the 
bulk is increased nearly in tlie same ratio ; for coke, 
though harder than coal, is more porous, and on that 
account lighter. 

If colce is a kind of coal-charcoal, so is charcoal a 
kind of wood-coke. Such is the relation between 
them. Charcoal consists of w^ood burned with very 
little access of air. It is made on a large scale by 
building up billets of wood into a heap, covering them 
"with turf and sand, and setting fire to them through 
several holes left near the bottom of the pile. Orifices 
are left, only just sufficient to pennit the escape of 
gases. When the burning is finished, the charcoal, 
or residue, is little else than carbon. For making 
fine charcoal, used. in gunpowder worlds, the wood is 
burned in iron cylinders instead of in heaps ; this 
enables the charcoal-burner to regulate the process 
more accurately. The densest charcoal gives out 
most heat. 
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Peat and Artificial Fuel. — Rich as Great 
Britain is in coal, Ireland is perhaps still richer in 
jpeat, if we could only find the means of rendering 
this peat valuable ; but this useful application is yet 
but limited. There are tliree million acres of peat 
bog in that country ; and the thickness is estimated 
to be such that the whole of the bogs contain the 
enormous quantity of four thousand million tons of 
peat. This subs Wee consists of roots and fibres in 
various stages of decomposition; sometimes almost 
like wood, at others approaching nearer to the state 
of earth or mould. None of it is coaly in structure, 
though it is conjectured that the same kind of agency 
may have been concerned in the formation of peat 
and coal. Some specimens are solid and tolerably 
hard ; some flow like a paste or thick liquid. All 
the woody portion is available for producing heat. 
In the treatment of Irish bogs, the peat is sometimes 
dug up and removed, chiefly to render the ground 
beneath fit for agriculture ; while in other cases the 
use of the peat itself is the chief object. In Holland, 
peat is largely used for fuel. The peat there is a 
kind of mud at the bottom of lakes and ponds. It is 
dredged up, and is spread to the depth of six inches 
over a level piece of ground. When the water has 
drained off, men press the peat* by means of flat 
boards fastened to their feet ; and, thus consolidated, ' 
it is cut by spades into convenient square pieces. 
These pieces, when dry, form a fairly good fuel, 
giving out great heat, or producing charcoal when 
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burned in close ovens. Irish peat may be treated in 
a similar way ; or the more solid kinds lomy be dried 
at once without any need for draining. It is known 
that naphtha, paraffine, fixed oil, volatile oil, and 
ammonia may be obtained from peat by distillatmn ; 
and hopes are entertained that the Irish bogs may 
one day be profitably rendered available as a source 
of these substances. 

Many of the kinds of ariijieial fuel, brought into 
use within the last few years, contain peat as one of 
their ingredients. One of the Irish Steam Packet 
Companies employs fuel made in the following way. 
The peat, after being dug up, is heavily pressed by 
iron rollers, drained of its moisture by a hydraulic 
press, dried, and converted into a kind of coke or 
charcoal in an oven. Then, to make the artificial 
fuel, this coke is ground to powder, and mixed with 
melted pitch and resin to tho state of a paste, which 
is at once cast into moulds, and made into brick- 
shaped blocks. There is, however, great difficulty in 
drying most of the Irish peat into fuel, on account of 
the large quantity of water it contains. Oram's 
patent fuel comprises the screenings from coal pits, 
mixed with various kinds of earthy and bituminous 
matter. Williams's patent fuel presents the forms of 
an artificial coal, an artificial coke, a. charcoal harder 
than wood charcoal, or a dense peat fuel, according 
to the mode in which it is prepared. BdheVs patent 
fuel consists of small coal, coke dust, cinder siftings, 
and pitch or coal-tar. Warlich's paient fuel, made 
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of materials similar to the above, is especially intended 
for marin^team-engine fdmaces. Trinidad pitch 
mixed with wood shavings make a kind of fael useful 
when combined with coal for furnaces. 

4. Gas-making and Street-lighting. 

Hitherto we have treated of certain soKd substances, 
bought and sold as materials for producing light and 
heat in our dwellings. But now we come to a most 
singular material, which the buyer can neither feel 
nor see, but which he has ample means of knomng 
is both light-producing and heat-producing. 

Gas-making, — One of the greatest advancements 
ever made in mechanical and chemical art, was that 
of substituting invisible gas for liquid oU or sohd 
tallow as a source of light. It is not easy for us to 
realize, at the present day, the state of things when 
the streets of towns were either not lighted at all, 
or were lighted with oil lamps troublesome to trim, 
and expensive to maintain ; when shops could not bo 
well lighted but at a large outlay; and when no 
one thought of a light for dwelling-rooms that 
would be ready at all times, and in any desired 
quantity. 

The philosophy of gas-making is very simple. If, 
for instance, we put a piece of coal into the bowl of 
a tobacco-pipe, cover it up with clay, and immerse it 
in the fire, a stream of gas will rush out from the 
small end of the tube which may be kindled into a 
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flame. This is gas-lighting; and the problem is, 
how best to effect this operation on a large scale. 
In 1792, Mr. Murdoch, a Cornish engineer, was the 
first person to light a house with coal-gas. In 1798, 
Messrs. Boulton and Watt hghted their factory 
at Birmingham by similar means. In 1807, Mr. 
Winsor first began to light public streets by gas. 
In 1810, the first gas company was formed — the 
Chartered Com^pany, still existing. Since those 
years gas has been introduced into the capitals and 
most of the chief towns of Europe and America. 

The making of coal-gas requires a large anay of 
apparatus. The gas is made in retorts, usually iron 
vessels, but sometimes of tile or fire-brick. Several 
retorts are so placed near each other, as to be heated 
by one furnace. When the retorts are red hot, a 
door is opened at one end of each, and coal thrown 
in — a coal rich in gaseous or bituminous matter. 
The door being then closed, the coal in the retort is 
decomposed by the heat to which it is subjected. 
Carburetted hydrogen and other gases ascend 
through 'a tube called the stand-pipe, which rises 
from each retort, and bends down at the top so as to 
dip into a larger pipe, called the hydranWc' main. 
This main is half fuU of water. The gases deposit 
a kind of liquid tar in the water, and then pass 
through several condensers, washers, and purifiers, 
where they are brought into contact with various 
purifying chemical substances. 

When the gas is brought to as great a degree of 
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purity as is attainable, it consists of little other than 
carbon and hydrogen, or carburetted hydrogen. 
It must bo stored in large quantities, ready for the 
sudden and great demand in the eyoning. The gas 
passes through a large meter, or measuring apparatus, 
into a gas-holder or gasometer ; which is an immense 
iron vessel, sliding up and down like a telescope, 
closed at the top, and dipping into a thin stratum of 
water at the bottom. This gas-holder is nearly filled 
during the day, and nearly emptied during the hours 
of evening and night. 

Gas-lighting. — Many years ago an opinion was 
entertained that ready-made gas could be carried to 
houses and buildings in closed metal cans, to be used 
in whatever rooms er shops might be chosen ; and a 
Portable Gas Gom])any was formed to make the neces- 
sary arrangements. Although the plan was quite 
practicable, it was not found to be either safe or 
profitable, and was abandon^. 

The system now adopted is to imitate the arrange- 
ments for water-supply. A vast store of gas is col- 
lected in one spot ; large mains run under 4ihe prin- 
cipal streets from the gas-works ; small pipes ramify 
from these mains to the chief streets ; while smaller 
pipes carry the gas into buildings, and up the 
pillars of street-lamps. The system is wonderful in 
its completeness. Were it not for the frequent 
breaking up of roads by rival companies, it would 
leave little to desire. The gas-holder, as the heart 
or centre of the system, must necessarily be very 
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large; and each gas-work has generally several. 
The gas-holder has weights, so placed that the top 
can press down npon the gas, and condense it a 
little : this causes the gas to mn out, when the proper 
valves are open, with sufficient force to permeate all 
the miles of main and pipe beneath the surface of 
the street. An apparatus called a governor regulates 
the amount of this pressure, according to the require- 
ments of each district at particular hours of the day. 

All the larger gas-pipes are made of cast iron, and 
the smaller of wrought. The service pipes, which 
bring the gas into houses and buildings, are made of 
various metals, according to circumstances. Some 
of the larger mains will, under average pressure, 
allow the vast quantity of one hundred thousand cubic 
feet of gas to pass through them in an hour. 

In the early days of gas-lighting, the consumers 
paid the companies so mijch per flame or jet ; but 
now they pay so much a cubic foot — an arrangement 
much more satisfactory to both parties, l^he quan- 
tity is determined by gas-meters, placed between the 
mains and the service pipes. The gas passes through 
a sort of box, where it turns an index liand, or kind 
of clock-work, which shows how many cubic feet have 
thus passed through between any two periods of 
unlocking the meter. The customer is thus charged 
for neither more nor less than the exact quantity of 
gas which he has consumed, and is neither interfered 
with concerning the number of jets burned, nor the 
number of hours of burning. 
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Tlie burners for gas-liglits exhibit much ingenuity 
of arrangement, and often beauty of appearance. 
To lessen the quantity of smoke ; to carry off readily 
such smoke as is made ; to increase the brightness of 
the light on particular sides ; to make rings of jets 
shoot out laterally, as a means of lighting churches 
and other largo buildings — these are some of the 
objects which have led to great improvements in the 
form of burners. 

5. Tallow, Palm Oil, and Candles. ,, 

In relation to light-producing rather than heat- 
producing, that little familiar friend, a candle^ pre- 
sents much that is curious and worthy of our atten- 
tion, both in the material employed and the processes 
adopted. 

Tallow. — Melt down the fet of an ox or sheep, 
and you obtain tallow. This is a simple way of 
stating tlie case ; but in the practical management 
of the tallow trade, many points have to be con- 
sidered. Butchers’ meat brings so high a price in 
England, that as little fat as possible is thrown aside 
for the melter ; and consequently large importations 
of tallow are necessary from abroad, to suj)ply our 
soap and candle makers. In some countries, Eussia 
and Australia especially, it is found profitable to rear 
cattle expressly for their tallow and hides, disregard- 
ing the quality of the meat, which in such case is 
sold at a xcry low price. 
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When the fat of English cattle is to be converted 
into tallow, it is sold by the butcher to the Tenderer, 
It is chopped into small pieces, and boiled in water. 
Most of the fat melts out of the membranous cells 
which enclose it, and floats on the sur&ce of the 
water, whence it is removed by skimming. The 
membrane is taken out of the water, put into porous 
bags, and submitted to powerful pressure, by which 
the remainder of the oily fat is expelled. The nearly 
diy membrane forms the substance called greaves^ on 
which some kind of domestic animals are fattened. 
The fat, when strained and otherwise purified, con- 
stitutes tallow, which is always solid in our climate. 

The Eussians, who sell us a million hundred- 
weights of tallow every year, obtain it mostly from 
the southern parts of the empire, where there are 
cattle farms of vast extent. There are salgans, or 
tallow-factories, connected with these farms. The 
owners buy lean cattle by hundreds or thousands at 
a time, at a very low price, and fatten them. 

If the fattening has proceeded satisfactorily, the 
cattle are driven to the salgans towards the close of 
the season. Tlieso salgans are spacious court-yards, 
surrounded by slaughter-houses, boiling-houses, and 
other buildings. The cattle, when killed, are 
skinned ; and a little flesh is cut off, good enough to 
be sold as butchers’ meat in the neighbouring mar- 
kets ; but it is very poor in quality, and commands 
only a low price. The intestines are given as food 
to swine. All the rest of the carcase, bones in- 
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eluded, is cut up into manageable pieces, and thrown 
into large caldrons, each of which will contain from 
ten to twenty carcases of oxen. The mass is heated 
only so far as to allow all the fat to melt out of the 
membrane, and to float upon water put into the 
caldron. The fat is skimmed off with large ladles, 
and poured into casks ; the portion that runs off first, 
is the best in quality. The Russian merchants who 
buy the tallow from these estabhshments, cause the 
contents of every cask to be examined, and the tallow 
to be assorted into various kinds, according to white- 
ness, hardness, and other desirable qualities. Soap- 
tallow may be greasy and yellow ; but candle*tallow 
should be hard and white. 

Palm Oil. — This substance is becoming every 
year more and more important, as an ingredient in 
the manufacture of soap and candles. Not only is it 
valuable in this way, but it encourages trade with 
African tribes, who, without the incentive afforded 
by national commerce, are too apt to capture and sell 
each other into slavery. It has been well said, 
‘‘ Every cargo of palm oil, bought with our manufac- 
tures, does more to impede the traffic in slaves than 
a host of treaties and protocols with European states.” 
There can be no question that if commerce be an 
aid to civilization, and if civilization would tend to 
lessen the selling, by barbarians, of each other to 
American slave-dealers, the encouragement of a trade 
in palm oil with the Africans, would work in the 
right direction, however slowly. We already pur- 
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chase nearly a hundred million pounds of palm oil 
yearly from these sable cultivators. 

The palm oil is obtained in greatest abundance from 
one particular species of palm-tree growing chiefly 
in the regions near the west coast of Africa. The 
oil exists in the fruit, as in the case of olive oil. The 
finit is about the size and shape of a pigeon’s egg, 
with an outer fleshy covering of a golden yellow 
colour, and is full of oil. The j^ulp, after being 
bruised in mortars, is steeped in boiling water ; a 
yellowish oil separates, which with very little further 
preparation becomes palm oil. It is hquid in the hot 
climate of Africa ; but when it reaches England the 
consistence is almost equal to that of butter. 

Candles and Candle-making. — If we dip a rush 
into melted fat of any kind, and allow the fat to 
dry, we practically make a candle, call it what we 
may. Ail candle-making is only an advance on this 
primitive method. In fact, country people fre- 
quently make candles in this simple way ; and rush- 
lights, by their very name, suggest the nature of their 
origin. 

A common dip or ^store candle consists of a wick 
of cotton thread thickly coated with tallow. In a 
small way, threads of cotton may be doubled to pro- 
duce a wick of the requisite thickness ; but in manu- 
facturing on a large-scale, quicker and more efiectivo 
means are adopted. Loosely-spun threads are twisted 
into a soft cord or roving, in number depending on 
the thickness of the candle to be made. By the aid 
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of a simple apparatus, these rovings are quickly cut 
oflf into pieces, doubled round a stick called a Iroachf 
and slightly twisted in the doubling; each piece 
forms a wick for one candle; and the broach is 
speedily laden with many such, nearly close to- 
gether. 

In making candles by hand, the maker is provided 
with a cistern or vessel of melted tallow, kept liquid 
by a fire underneath. He takes three broaches, 
holding them at the end by his two hands, and dips 
all the wicks into the tallow ; this he repeats three 
times, and then passes the lower ends of all the wicks 
over a sloping board, to remove the superfluous tallow. 
The broaches, containing the wicks for perhaps six 
pounds of candles, are then hung up to dry. Three 
other broaches are treated in a similar way ; then 
three others ; and so on. When all the wicks are 
dry, after this first treatment, they undergo a second 
in a similar manner ; until at length the successive 
coatings of tallow have brought the candles to the 
required thickness. Practice enables the dipper to 
judge how many dippings are necessary to produce 
‘ sixes ’ ‘ eights,’ ‘ twelves,’ or anyjother kind, denoted 
by the number that go to a pound. 

In making candles on a larger scale, twenty or 
thirty wicks are hung on each broach; twenty or 
thirty broaches are placed side by side in a frame ; 
and twenty or thirty of these frames are ranged 
symmetrically around a vertical axis ; in such a way 
that there may be twenty or thirty thousand wicks 
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all hanging in the same machine at one time. Each 
frame of broaches can be conveniently lowered into 
the tallow, raised again, and turned aside to make 
room for another. The operations are in this way so 
much expedited, that one man and a boy can make 
thirty thousand dip candles in a day. 

Some candles are made by moiMing instead of 
dipping. Pewter moulds are provided, one for each 
candle, and several such moulds are ranged in a row. 
Ingenious means are adopted for stretching wicks 
along the axes of the moulds, one in each ; and for 
pouring the melted tallow in such a way that tho 
proper quantity, and no more, shall flow into each 
mould. A very beautiful machine is employed for 
cutting the wicks, stretching them in tho moulds, and 
fulfilling the remaining operations, in an amazingly 
short space of time. 

Many substances are employed, besides tallow, as 
ingredients for candles. One is palm oil^ lately 
noticed. Another is wax, requiring more care in its 
preparation. Another is composite or composition, 
the mixed character of which is denoted by its name. 
A new substance called paraffine, obtained from coal- 
tar, is now made into candles of great beauty and 
excellence. Price's* Patent Candle-works, at Vauxhall 
and elsewhere, are the largest in the world; the 
quantity made there annually is enormous; and 
great improvements are frequently introduced by the 
use of new substances, or new compounds of sub- 
stances already known. The candles which require 
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no snufimg have slender wires twisted in with the 
cotton of the wick ; when burning, the top of the 
wick turns outwards, in such a way as to enable the 
oxygen of the air to consume the charred substance, 
which it cannot do when in the middle of the flame. 

6. Lamps, and the Fuel to Feed them. 

We next come to liquid materials for producing 
light and heat. There are many such ; among which 
may be included whale oil and colza oil; and certain 
liquids which partake of the character of spirit rather 
than oil, such as camphine, benzole, petroleum, &c. 

Whale Fishery and Whale Oil. — Although 
many other kinds of fish oil are used to feed lamps, 
whale oil is the chief. There are many species of 
the gigantic creature from which this oil is obtained. 
The common Greenland whale often reaches sixty 
feet in length by forty in circumference, and weighs 
the enormous quantity of seventy tons. The South 
Sea whale differs from the Greenland whale in many 
particulars, among others in containing the singular 
substance called spermaceti. The Greenland whales 
are captured by the crews of vessels of three or four 
hundred tons burden, sent out hj various countries 
of northern Europe. The fishing season is in the sum- 
mer months, from May to September ; but as whales 
are now becoming scarce in the Northern Ocean, 
the trade is more precarious than in former times. 
Although whalebone (a kind of fringy substitute for 
t^th) is always valuable for its great toughness 
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elasticity, the oil is regarded as the chief object for 
which the dangers of the whale fishery are braved. 
The oil is contained in the blubber, the fat of the 
animal lying immediately under the skin. This 
blubber varies in colour from yellowish- white to red, 
but is usually of a salmon tint, and from eight to 
twenty inches thick. 

The Greenland whale-ships have usually crews of 
forty to fifty men each, divided into classes according 
to the duties they undertake to perform. As. the 
men’s earnings depend on the profits of the voyage, 
the contract among them partakes rather of partner- 
ship than of hiring. The apparatus is considerable. 
There’ must be six or seven boats, besides a large 
supply of lances, harpoons, ropes, lines, anchors, 
grapnels, &c. The attack on the whale is made 
from the boats, not from the ship. When the boats’ 
crews succeed in approaching a whale (which is 
often very diflicult), the harpooner buries a harpoon 
in the huge animal. The whale plunges at once 
down into deep water. All the boats’ crows are 
speedily at hand, to avert if possible numerous 
accidents which are likely to occur at that time. If 
all disasters are escaped by the men, the whale, ex- 
hausted by violent struggles, and pierced by several 
harpoons, is dragged to the side of the ship, by 
means of the ropes attached to those weapons. When 
dead, it floats on the surface of the water, and is 
then more easily managed. 

In the early days of tho northern whale fishery, 
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the blubber was boiled down in a small establishment 
at Spitzbergen, to obtain the oil ; but for nearly two 
centuries another plan has been followed. The pro- 
cess oi flensing is first neaessary. The dead animal 
being lashed to the side of the ship, the men cut off 
all the blubber, divide it into small pieces, and throw 
it into the ship’s hold. The flesh or meat of the 
whale, lying beneath the blubber, is of no value to 
the whalers ; the whalebone is cut out, and the rest 
of the bulky carcase allowed to sink or float away. 
When a time of leisure arrives, the crew clean the 
pieces of blubber, cut away the useless portions, and 
pack all the rest into casfe. When the ship arrives 
at Hull, or any other whaling port, the blubber is 
boiled' down into oil. As four tons of blubber will 
yield three tuns of oil, the produce from a large 
whale is very considerable. The casks are taken to 
a boiling-house, and the blubber emptied into large 
wooden cisterns, from whence it passes into a copper 
boiler. The blubber is heated, kept boiling for a 
short time, and constantly stirred. ' The melted oil 
flows into coolers, from which the solid refuse is 
removed, partly as a scum and partly as a sediment, 
to be sold for manure. The oil, when quite cold, 
is transferred to casks for the market. 

The Sperm or South Sea whale, in addition to 
oil, yields the pecuhar substance spermaceti. This 
is an oily fluid contained in a cavity in the head, 
from haK a tun to a tun in quantity. When poured 
out of the cavity, and exposed to the air, the sper- 
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maceti dries into a yeUowish-wbite solid. 'When 
brought to England and purified, it is chiefly em- 
ployed in making sperm candles. 

Colza and other. Oils. — The number of seeds 
that yield oil is very considerable, and all the oil so 
yielded is available as a food for lamps. Some kinds, 
however, are better suited than others for this purpojse. 
So far as concerns the process of obtaining the oil, all 
the seeds are pretty much alike. 'We speak here of 
seed-oils ; but it is necessary to bear in mind that 
oil is also obtainable from the fleshy pulp that 
surrounds certain seeds, from the kernels ot many 
fruits, and occasionally from the roots and bark. In 
countries of less commercial and manufacturing in- 
genuity than England, the people avail themselves 
of such oil-producing plants as come most readily to 
hand. In many parts of the South of Europe, nuU 
oil is produced ^by pressure from hazel nuts and 
walnuts. In the same region much olive oil is 
also procured, by a very simple process. The olives 
are crushed, beneath rollers or edge millstones, into a 
pulp, which is then pressed to yield its oil : the oil 
is afterwards purified in various ways, according to 
the purposes to which it is to be appHed. Almond 
oil is obtained by shaking almond kernels in a bag, 
so as to rub off the^ brown skins, and then grinding 
and pressing them. 

The two vegetable oik best known in England as 
sources of illumination are i)alm oil and coha oil, 
Palm oil has been noticed in connection with the 
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candle manufacture. Colza oil will be best described 
in connexion with another and more important kind 
of seed oil. 

Linseed oil would doubtless be used for lamps, 
were not a more profitable use found for it in paint- 
ing and other arts, and that colza oil is preferable 
for illumination. Linseed oil is obtained from the 
same plant as flax for linen. When cultivated mainly 
for oil, the plants are pulled at a certain season, laid 
out to dry, and ri'p'pled. The pods and seeds combed 
out by the rippling are dried in the sunshine, threshed 
to separate the husks or pods, and stored up for use 
as linseed. If they have been so prepared as to bo 
fit for sowing, they are usually called flax seed. A 
common screw-press could not supply sufficient power 
to squeeze the oil out of the seeds; it requires a 
wedge press or a hydraulic ])res8 to effect this. In 
using the wedge-press, the seeds are placed in bags, 
which are subjected to intense pressure by driving in 
wedges above and below them. In the hydraulic 
press, the pressure is more gradual but more intense 
than in the wedge-press. The seeds are first crushed 
between two rollers, then ground beneath an edge- 
stone, then heated, then put into bags ; the bags are 
placed in a hydraulic press, and the oil expelled, 
leaving the remainder of tlie seed in the form of 
oilcakcy valuable as a food for cattle. 

Coha oil is a variety of rape oil, obtained nearly 
in the same way as hnseed oil. Hcmj)-seed is to 
hemp-fibre what linseed is to flax-fibre ; but colza- 
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seed, or cole-seed, bears a different relation^ because 
this variety of the plant is seldom cultivated for the 
sake of its fibre. When the colza-seed, in the proper 
condition for yielding oil, is gathered, the drying, 
crushing, and pressing are conducted nearly in the 
way just described. As colza-seed contains a much 
larger percentage of oil than linseed, one reason is 
presented why colza oil can be obtained more cheaply 
than linseed oil. 

Camphine, Paraffine, &c. — We must briefly 
describe certain peculiar substances which are used 
either in a liquid form as substitute for oil, or in a 
solid form as substitutes for tallow. 

Naphtha is a general name for the more fluid and 
transparent portion of asphalte, liiumen, petroleum, 
and tar, separated from the other ingredients by 
chemical processes. However produced, it is always 
fitted to be used for artificial illumination. Petroleum 
is one of many kinds of bitumen due to some long- 
continued action on masses of vegetable matter. 
Deposits of bitumen are met with in many parts of 
the world. There is a close mutual connexion be- 
tween bitumen, asphaltum, and. tar, both as to the 
vegetable origin, and to their light-giving properties. 
From many varieties of them, liquids and gases can 
be obtained possessing the illuminating and heating 
qualities in great purity. One particular kind, petro- 
leum, has a multitude of other names — Rangoon 
tar, mineral tar, rock oil. Hack naphtha, liquid pitch, 
liquid bitumen, fluid awphalie, &c. This remarkable 
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substance is found near Eangoon, in the Birman 
empire. If wells are dug in that region to a depth 
of about sixty feet, a kind of greasy liquid, of a 
brownish-green colour, slowly oozes through the sur- 
rounding soil, and accumulates at the bottom of the 
well. Vast stores of this rock oil or well oil have 
recently been, discovered in America, and are giving 
rise to a very extensive branch of commerce ; the 
rock oil is equally available as a fuel for lamps and 
a material for gas-making. 

Vegetable tar is chiefly produced from the roots of 
pine-trees, in northern Europe and North America. 
The roots are burned somewhat in the same way as 
wood to make charcoal, or coal to make coke ; the 
resin contained in them becomes converted into liquid 
tar. When this tar is heated in retorts pitch remains 
behind, in the form of a hard black resin. The sub- 
stances driven ofi* from the tar in this process are 
inflammable, such as naphtha and paraffine. The 
coal-tar, formerly noticed as being produced in making 
gas, when subjected to certain chemical processes, 
yields various other inflammable matters, such as 
coal naphtha, coal oil, pitch, benzole, paraffine, and 
naphthaline. Paraffine is one of the few solid sub- 
stances belonging to this remarkable ffimily. It is 
obtainable from all the different kinds of tar by 
chemical processes, and when obtained presents itself 
as a white crystalline solid, something like sperma- 
ceti. This substance is now used for making the 
most beautiful of all kinds of candles. 
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Campliine is one among many inflammable sub- 
stances obtained by chemical means from turpentine, 
which is itseK inflammable. AU kinds of turpentine 
consist of the sap of trees, obtained while the sap is still 
living. When distilled, the solid residue left in the 
still is resin, while the portion that flows out is oil, or 
spirit of turpentine ; and when this oil or spirit is 
further purified it becomes eamphine, a very vivid, 
but somewhat dangerous food for lamps. 


Tliis chapter will suflSce to convey some general 
idea of what is really a very large subject. If any 
observant reader were to watch the operations of 
manufacturers, in reference to the management of 
Heat, he would see that countless inventions have 
been introduced, and untiring ingenuity exercised, to 
economize the heat-giving substances. The boilers 
and furnaces for steam engines are always under- 
going improvements to this end ; as are also the 
flues and chimneys of factories. Sheffield is con- 
stantly sending forth new forms of polished grates 
not simply for their beauty, but also in the hope of 
economizing the coal by which our bright open fires 
are maintained. Wolverhampton and other towns 
are working with the same object in view, in the 
construction of those ingenious kitchen ranges, 
cooking apparatus, and close stoves which now meet 
our view in all directions. Many thousands of 
pounds have been spent, many ingenious brains 
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exercised, many patents obtained, and many laws 
passed, to achieve an object which, if attained, would 
be a double benefit to all : viz., the consumption or 
prevention of smohe. Smoke is good coal in the 
state of vapour; it will bum if properly fed with 
fresh air ; and when burned it gives forth light and 
heat just in the same way as other coal. Vexing it is 
to know that thousands of tons are thus uselessly 
given off into the air every year : and we can thus well 
understand how strong is the motive for producing 
eftective smoke-preventing contrivances. The object 
is partly attained ; if it could be wholly so, we should 
save coal, maintain the air in a state of greater 
purity, and conduce to the cleanliness of all the 
objects around us. 
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CHAPTER V. 

METALS AND METAL MANUFACTURES. 

It is not expedient in tlio remainder of tliis volume 
to adhere to a classification of the multifarious objects 
around us in relation merely to uses. We could 
group them in this way so far as concerns the chief 
articles of food, clothing^ huildings^jire, and artificial 
lighiing ; but this plan will quite fail us when we 
come to articles of metal generally, because the 
number of their uses or applications wholly baffles all 
calculation. Let us rather take each of the principal 
metals in turn, and trace the chief processes by 
which it is brought into useful forms, 

I. Ikon, Steel, and Cutlery. 

No better beginning can be made than with those 
two invaluable substances, Steel and Iron, which bear 
so remarkable a relation to each other, and which, in 
Cutlery and other manufactures, play so important a 
part in our daily life. 
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Iron Mines and Smelting. — This most valuable 
of all metals is never found in pure masses ; it is 
always combined with some other substances, from 
which it must be separated before it can be applied 
practically. The metal is usually combined with 
oxygen, carbonic acid, or sulphur, or two out of these 
three. The kinds most serviceable to iron manufac- 
turers are the oxides and the carbonates of iron, 
femiliarly known as ironstone. Beds of this ironstone 
occur in various parts of the United Kingdom, espe- 
cially in the south-west of Scotland, South Wales, and 
South Staffordshire and its neighbourhood. These beds 
lie at various depths, and are mostly near a series 
of coal seams. 

To get the iron out of the ironstone is the work of 
the smelter. Smelting consists in expelling, by 
moans of heat, most of the oxygen, carbonic acid, and 
other impurities. Much fuel being wanted for this 
purpose it is a great advantage to find coal so near 
the ironstone. In the more important works the 
iron owners are also coal owners. Miners, descending 
through shafts to the levels of the several strata, 
extricate the ironstone by means of gunpowder and 
tools, and send it up to the surface ; the coal is 
brought to the surface in nearly the same way ; and 
limestone^ which is generally us^ to aid the smelting, 
is brought from the nearest quarries. The ironstone 
or ore, a duU-looking stone, of a greyish or brownish 
colour, is thrown into a kiln and exposed to a fierce 
peat ; this roasts or cahines the ore, by driving off 



iron smelting furnaces. 


193 


the water, sulphur, and arsenic which it generally 
contains. 

Then the smelting ov Hast furnace conies into use. 
This is a brick stnicture, sometimes fifty feet in 
height, hollow in the inside, and open at the top for 
the materials to he thrown in. These materials — 
calcined ironstone, coal, and limestone — are supplied 
in certain proportions. Being exposed to licat at the 
lx)ttom the coal catches fire, and melts the iron out of 
the ore, the lime acting as a flux. The heat would 
not ho sufficient, however, if left to itself; it must 1)0 
urged to a greater intensity hy what may be called 
‘ blowing the fire.’ Near the lower jiart of the 
furnace are small openings, through vdiich the 
nozzles or tuyeres of a blowing machine are intro- 
duced ; and a powerful steam-engine sends a blast of 
air with gi*eat force into the midst of the burning 
mass. This is an important aid even when the air is 
cold, but when used as a hot blast the effects are far 
more striking. 

In the coui’se of about twelve hours fifty tons or 
more of ingredients have experienced the full effect of 
the intense heat. The coal has nearly all burned 
away, and has gone off in flame and smoke ; the lime 
has entered into new chemical combinations ; while the 
iron in the ore, becoming separated from the other 
ingredients, and being heavier than them, falls to a 
receptacle at the bottom of the furnace, called the 
hearth. At the proper time an opening is made by 
the removal of a clay stopper, and the molten iron, 

N 
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perliaps five or six tons in all, runs like a liquid fire 
out at the hole, and flows into grooves or pits made 
in the sandy floor of the smelt-house. The smelters 
give the ahsuixl names of sow and pigs to the larger 
channel and the smaller ones which branch out of it ; 
and hence the origin oi pig-iron as a designation for 
the pieces cast in the smaller channels. The re- 
maining contents of the furnace form cinder or slag^ 
slightly useful in some of the arts. In an average 
state of trade a blast furnace is never cold or empty 
so long as it remains in good repair ; the filling and 
emptying, burning and blowing, go on by day and 
night for months or years together, giving a very 
lurid appearance to the smelting districts. 

The Foundry and the Forge. — The pigs of iron 
prepared in the blast furnace are of various qualities^, 
according to the kind of ironstone, the kind and 
quality of fuel, the temperature of the blast, and 
other circumstances. They are divided chiefly into 
two Qvowgs, foundry iron mA forge iron — the former 
containing much carbon, and useful for castings ; the 
latter almost free from carbon, and preferable for 
forging. Carbon renders the iron more fluid when 
melted, and consequently more suitable for founding 
or casting into moulds. 

Forge iron is subjected to processes which deprive 
it of the greater part of whatever carbon and oxygen 
it may contain, to fit it for service as wrought iron. 
It is first refined. To effect ^this, the pigs of iron 
are thrown into a refinery or :^fining furnace, which 
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is so constructed as to enable a very intense heat to 
be produced. The iron, when completely melted, is 
allowed to flow into long flat moulds kept cold by 
water underneath. Coke is the fuel usually employed 
in this process. The refined iron, being very biittle, 
is easily broken into pieces with hammers. The iron 
is next made tough by the j^uddling process. In 
the puddling furnace the metal, when melted, is 
stirred about for a considerable period, by bars of iron 
frequently exchanged as they become heated ; the 
molten mass gives off gaseous bodies of various kinds, 
and becomes viscid enough to be made up into large 
lumps called hath or hlooms. 

Something escapes from the iron during the re- 
fining ; something more during the puddling ; and 
now something further has to bo got rid of. The 
blooms are taken from the puddling-furnace to bo 
shingled ; that is, they receive several heavy blows 
from a ponderous machine called a shingling hammer. 
This treatment gives to the blooms an oblong shape, 
and .presses a quantity of dross out of them. The 
blooms are then rolled; that is, they are passed 
between immense iron grooved rollers, many times in 
succession, the grooves being selected smaller and 
smaller as the operation proceeds. This brings them 
to the state of malledble har iron. To render these 
bars suitable for manufacturing purposes, they are 
cut into pieces while red hot, and piled up in a fur- 
nace called the hallingfurnace ; each pile, when at a 
white heat, is passed between rollers, which bring 

N 2 
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them to the state of har iron, rod iron, or sheet iron, 
according to the method of rolling. 

Foundry iron is unlike forge iron in many par- 
ticulars. After having undergone refining in a 
separate furnace, it is in a state fit for use in castings 
of the usual kind. Most specimens of cast iron are 
made either in sand moulds, or in sand linings to 
brick moulds. In making the enormous cylinders 
•which are now used for some kinds of steam-engines, 
and for many other purposes in civil engineering, 
there are both a core and a cope built up, the former 
concentric •within the latter. The size of the cylin- 
der, both in diameter and in thickness of metal, is 
determined by the exterior diameter of the core and 
the interior diameter of the cope. Molten iron, 
poured into the annular space between the core and 
the cope, produces the cylinder, which by suitable 
means is extricated from its jDrison-house. Most iron 
castings of large size are produced in some such w^ay 
as this. For articles next in size, moulds are formed 
in a layer of sand on the earthen floor of the casting- 
house. Still smaller articles may be cast in moulds 
on a bench. In every case, the moulds are so formed, 
in one or more pieces, as to permit the castings to be 
easily removed from them. Clay instead of sand, or 
a mixtm’e of the two, is sometimes used for the 
moulds. 

Steel and Cutlery. — Steel and iron are so 
nearly allied, that it is not always easy to say where 
the one ends and the other begins. Steel always 
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contains more carbon than wrought iron, but less 
than cast iron; and therefore the properties depend, 
in all probability, chiefly on the mode in which the 
carbon combines with the metal. But be this as it 
may, the process of making steel consists mainly in 
adding a little carbon to that which wrought iron 
already contains. 

Very good iron is necessary for making steel. At 
SheflSeld, the makers chiefly use Swedish and Russian 
iron — more expensive than English, but possessing 
quahties better suited for the purpose. The bars 
selected by the steel maker are technically known by 
the trade-marks stamped upon them — such as hoop L, 
double hidlei, C & Crown, D & Grown, &c. The bars 
are first cut up into shorter pieces, by means of 
powerful shears. A flat narrow converting furnace 
is prepared, about twelve feet in length. On the 
floor of this furnace is placed a layer of pounded 
charcoal, to the thickness of about an inch ; then a 
layer of bars ; then another layer of charcoal, covered 
by another layer of bars — and so on, until the furnace 
is quite filled, leaving space only for a thick layer of 
ferruginous earth placed over all. The furnace, con- 
taining perhaps twenty tons of such bars, is then closed , 
and a fierce heat maintained for several days. The 
iron absorbs the carbon, or draws it in some way into 
its substance ; and this absorption depends in degrees 
on the thickness of the layers of charcoal, which 
differ according as the steel is to be used for springs, 
cutlery, files, edge tools or other purposes. 
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The bars, when taken out of the furnace, are in 
the state called Uistered steel. This steel is nsed for 
many common purposes without undergoing further 
preparation ; but for all finer purposes its quality 
must bo improved. The bars are broken into short 
pieces, and heated and hammered ■ over and over 
again, to form shear steel, used for a large number 
of articles of medium quality. Still finer is cast steel; 
made by breaking up blistered steel into pieces, 
exposing it to a very intense heat in crucibles in a 
wind f urnace, pouring it into moulds, and hammer- 
ing or tilting and rolling these ingots into the shape 
of bars, rods, sheets, &c. 

Many varieties of steel of recent invention, such as 
Bessemer steel, Uchatius steel, &c., differ from 
ordinary steel, not so much in the actual composition 
as in the processes of making. If the reader traces 
all the operations in converting a piece of iron ore 
into a piece of the finest cast steel, he will see that 
many roastings, meltings, and refinings occur, in- 
volving the consumption of a large amount both of 
time and of fuel. The new kinds of steel are the 
result of attempts to lessen the number of these 
furnace operations, and consequently to lessen the 
expense. 

The comitlcss articles of cutlery and steel-goods are 
made by processes of hammering, rolling, casting, 
stamping, grinding, and polishing. In hammering, 
the steel is sometimes used red hot, and in other cases 
cold. In rolling, there is a like diversity as to tern- 
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perature, and also to the forms into which the steel is 
brought. In casting, small furnaces and small moulds 
are mostly used ; seeing that there are seldom largo 
castings in steel. In stamping, the steel is in the 
form of a sheet, and is pressed betw^een a die and a 
counter-die. In grinding, the sm^aces of steel goods 
are held against revolving grindstones, until enough 
of the surface is rubbed away to render the steel level 
and smooth. In poHshing, the steel is wrought up 
to a beautiful surface by means of small revolving 
wheels covered with leather, emery, and other sub- 
stances. Table knives and forks, pen and pocket 
knives, lancets, razors, scissors, and other articles of 
cutlery; fenders, polished grates, fire furniture,’ 
snuffers, and other articles of furniture; needles, 
thimbles, hoops, stay-busks, buckles, steel buttons 
and rosettes, and other articles connected more or 
less with dress ; saws, files, shears, plane-irons, axes, 
adzes, hatchets, and other cutting tools; swords, 
bayonets, cutlasses, spears, daggers, and other cutting 
weapons; small steel instruments connected with 
science and the more delicate arts ; large steel instru- 
ments connected with engineering and the rougher 
arts — all are produced by combining some or other 
of the processes here noticed. 

. Iron and Iron Goods. — If it be difficult to enu- 
merate the chief articles made of steel, the difficulty 
becomes still greater in reference to iron. No civi- 
lized being can look around him without seeing iron 
confronting him in one or other of its useful forms. 
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Let any average English family put this matter to 
the test. In dress the articles of iron are few and 
small, such as buttons, buckles, boot nails, bonnet- 
wires, &c. But suppose the housewife to think a 
little how the daily meals are prepared. There are 
the coflfee-mill and the colfee-pot, the iron saucepan 
and the iron kettle, the tin saucepan and the tin 
kettle (for though called tin, they have only a tin 
covering to an iron substance), the kitchen range and 
fire-irons, the fender and the roasting apparatus, the 
(tinned-iron) dish covers and roasting screen, the 
iron skewers and hooks, the tea trays and knife 
trays, and a whole array of useful articles. Then 
the housemaid, whether or not she be mistress as 
well as servant, has her own familiar knowledge of 
implements and vessels made of iron. At the street 
door are the railings and the scraper, the knocker 
and the bell wires ; at all the doors are locks or 
latches, and on some of them bolts and bars ; at the 
windows arc fastenings and weights ; the floors are 
fastened down, and partitions are fastened up, with 
iron nails. And then, when our supposed family go 
out, they have iron within sight or within touch 
everywhere — ^knick-knacks of iron in their umbrellas 
and parasols; iron in the cabs and omnibuses in 
which they ride; iron railways, and iron in the 
locomotives and carriages that run on them; iron 
in the steamers and anchors in the river ; iron in the 
bridges over the river ; iron turnstiles to check the 
money-takers at some of those bridges ; iron corner 
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posts and railings, iron lamp-posts and letter-pillars, 
in the streets ; iron gas and water, pipes beneath the 
feet. Let the father of this supposed family read 
the details of wars and sieges ; he learns about iron 
guns and mortars, iron shot and shell, iron musket 
and rifle barrels, iron batteries, iron-plated war ships. 
Or let him go to the busy haunts of commerce. 
There he finds iron warehouses and sheds, iron- 
roofed buildings, iron cranes and windlasses, iron 
doors and shutters, iron safes and strong rooms. 
Let all the members of the family, old and yoimg, 
male and female, follow their usual routine of business 
or pleasure, or both, throughout the day ; they will 
find that in scarcely a single action do they fail to 
make use of iron, in some one or other of its multifa- 
rious forms. 

What has just been said concerning steel applies 
more or less to iron also ; that is, the metal is brought 
into usable form by one or more of the processes 
of hammering, rolling, casting, stamping, grinding, 
polishing ; or sometimes by those of wire drawing, 
welding, and certain otliers. It must be borne in 
mind, however, that iron is generally worked in 
larger masses than steel, while it is less sedulously 
brought up to a highly-polished surface ; hence the 
processes of hammering, rolling, and casting, are 
more important in reference to iron than to steel. 
The hammering, such as in forging anchors and en- 
gine-shafts, is sometimes, effected by steam-hammers 
of gigantic power. The rolling requires rollers cf 
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great size and strength, to enable the workmen to 
produce iron plates, and bars, and rails of various 
kinds. The castings are prodigious, weighing some- 
times many tons in one mass. And then there are 
working-machines equally remarkable for their form 
and their accuracy of movement, employed in fashion- 
ing pieces of iron for various purposes; such as 
shearing-machines, for cutting up thick plates of iron 
as easily as if they were made of pasteboard ; punch- 
ing-machines, for making rivet-holes with equal ease 
tlirough the same plates ; riveting-machines, in which 
the steam-engine does the work of a hammer ; drill- 
ing and slotting machines, to make holes of various 
shapes and sizes in iron ; planing-machines, to bring 
surfaces to a true level ; turning and screw-cutting 
machines, to give cylindrical forms to iron — all these 
are instructive examples of the working of iron, and 
of the employment of this metal in the machines and 
tools by which the working is effected. 

2. Copper, Zinc, and Brass. 

We now invite the reader’s attention to copper and 
zinc^ together with the valuable metal, trass, formed 
by their union. 

Copper Mines and Smelting. — Copper, like most 
other metals, is generally found in combination with 
other substances, as an ore. In most cases it occurs 
in combination with oxygen, sulphur, iron, sulphuric 
acid, carbonic acid, and phosphoric acid. The kind 
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with which we are "most familiar in England is 
a compound of copper, iron, and sulphur, called 
ycllotv cojpjper ore, or copper pyrites. This ore is 
found very extensively in Cornwall, Devonshire, and 
Anglesea. 

The mining of the ore is an operation difiering hut 
little from the mining of iron . and other minerals. 
The beds or veins lie at various depths below the 
surfiice. To get at them, the ijiiner digs shafts, 
adits, levels, galleries, and other passages — vertical, 
horizontal, and inclined. By the aid df gunpowder 
and the pick, he loosens the ore from the strata of 
rocks that surround it ; by steam-power he raises it 
to the surface ; by pumps ho drains away the water 
which must otherwise flood the mine and stop the 
working ; and by ladders ho ascends to and descends 
from his work. 

The ore, when brought up to the surface, requires 
a more elaborate series of operations than would suf- 
fice for iron, because the necessity for purity is 
greater. The processes comprise various repetitions 
of roasting, calcining, melting, and refining. Wo 
may here remark, as a curious fact in the economy 
of manufactures, that nearly all the Cornish copper 
ore is smelted in South Wales. It is found, on 
striking a balance of advantages, more convenient to 
take the ore to the coals than the coals to the ore. 
The copper works near Swansea are large and fine 
establishments ; but nnfortunatcly they are day by 
day mining the vegetation in the neighbourhood, by 
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means of certain poisonous lumes given off from tho 
furnaces. 

The first thing done is to calcine the ore. Three 
or four tons are distributed over the brick floor of a 
furnace, where a brisk heat brings the ore to tho 
state of a blackish crumbling mass, driving off any 
sulphur and sulphuric acid that may have been in 
combination. The black mass is then put into a 
smelting fiimaCe,' where it is brought to a molten 
state ; it is \\ell stirred, to make the metallic portion 
sink beneath the earthy impurities. More and more 
calcined ore is added and similarly treated, until the 
furnace contains as much as it can well hold. A tap 
or vent is opened, through which the metal flows into 
a vessel of cold water, where it sinks in a granulated 
state, deprived of a great part of its iron and its 
earthy matter. In this state, called coarse metalj it 
contains fourfold as much pure copper as the original 
ore. Again is the substance calcined, and again 
melted ; a third time calcined and a third time 
melted, to get rid more completely of the impurities. 
From coarse metal it becomes fine metal, and then 
coarse copper. The pigs, or masses of this coarse 
copper, are thrown into a roasting fomace, and ex- 
posed to a degree of heat which brings them to the 
state of hlistered copper. Another and final process 
is refining. It will thus be seen that seven or eight 
firings or heatings, managed with much precaution, are 
necessary to extricate the pure copper from the ore. 

Copper Manufactures. — If manufactured articles 
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in copper are neither so numerous nor so valuable 
as those in iron, they arc in general more beautiful to 
the eye, and subserve purposes wliich no other metal 
can answer equally well. Copper takes a very high 
polish ; it is malleable both when hot and cold ; it 
may be beaten out into very thin leaves, and drawn 
out into very thin wire ; and this wire, with two or 
three exceptions, is stronger than any other of equal 
thickness. Copper is very sonorous, and is a good 
component in sound-producing instruments. It con- 
ducts heat well, and is therefore good for boilers and 
cooHng vessels. It conducts electricity well, and is 
therefore good for the wires of electric telegraphs. 
In pure dry air it docs not readily tarnish. It 
requires such a high temperature to melt it, that it 
is safe over all but very intense fires. Lastly, it 
combines readily with zinc, tin, and other metals, 
thereby producing alloys very valuable in the arts. 

For the chief manufacturing purposes, copper is 
generally bought in the form of flat cakes, about 
eighteen inches long by twelve wide, weighing about 
ninety pounds each. These are heated in small 
ovens called muffles, to the temperature of a bright 
red heat, and are then passed repeatedly between 
strong iron rollers. The rollers are brought closet 
and closer together, until the cake is lengthened 
fivefold, and diminished in tliickness in equal pro- 
portion. The plates of copper thus produced are 
cut into pieces called blanks, which are heated in the 
muffle, and rolled out till twice as long as broad. 
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Several times are the heating and rolling repeated, 
until the metal is brought to the state ”of sheet 
copper. 

The singular tendency of copper to yield to ham- 
mering without breaking is one of the most valuable 
of its manufacturing qualities. A copper vessel of 
six feet diameter is sometimes made in an extra- 
ordinary way. The copper is first cast into a mass 
resembling in shape a double-convex lens, like the 
object-glass of a telescope. The mass is hammered 
all over with great force, especially near the centre, 
by which the thickness is gradually rendered equable, 
and the edges made to curl up all round ; until at 
length, a hemispherical vessel is produced. Iron 
would not bear any such operation as this. Multi- 
tudes of smaller vessels are produced by modifications 
of the same process. 

Copper receives a great increase of density and 
toughness by 'planishing, which is only hammering 
imder another name. Copper vessels are beaten all 
over with large smooth-feced hammers, to produce 
this effect ; and these hammer-marks are to be seen 
on most of them. 

Hammering, rolling, casting, drawing, stainping, 
— these, or some among them, are the processes by 
which copper is wrought up into form. Tea-kettles 
and tea urns, saucepans, coal scoops, copper fittings 
for ships and for steam-engines, copper sheathings 
for ships, copper coin and medals, coppeor buttons 
and ornaments— all, large and small, depend for 
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their shape on such operations, aided by the me- 
chanicjal processes of riveting, filing, polishing, &c. 
Copper pipes and tubes are made in a great variety 
of ways, dej)ending chiefly on the malleability of the 
metal. 

Zinc and Brass. — We are more familiar with 
zinc as a component of hrans than as a separate 
metal: nevertheless, zinc manufactures are every 
year increasing in importance. Zinc does not occur 
in the native state. There are two ores, calamine 
*and hlendCf the one a carbonate and the other a 
sulphuret of the metal, j&rom which the supply is 
chiefly obtained. It is a peculiar process to drive 
off the carbonic acid and sulphur from these ores, by 
means of heat, in suitable furnaces. The ore, after 
calcination, is mixed with charcoal and put into a 
crucible ; the zinc, separated by heat from the other 
ingredients, passes as a gas through a tube into a 
vessel of cold water, where it condenses into the 
metallic form. 

There are properties in zinc which render it 
rather difficult to work. It is almost too hard to 
be filed ; and is too brittle to be rolled into sheets 
at ordinary temperatures. Zinc is, however, very 
valuable in the arts. It is whitish and lustrous ; it 
resists both air and moisture as well as common 
temperatures; it may be rolled into sheets and 
drawn into wire when heated to a certain point ; and 
it is more fusible, for small castings, than copper. 
It is now largely employed for roofing, terrace 
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coverings, cliimney-pots, water-pipes, cistern linings, 
pails and buckets, and other purposes in which 
sheet-metal is available. It is not often employed 
in bulky masses, like iron or copper. 

But the chief employment of zinc, perhaps, is in 
making hrasSy which is a compound of zinc and 
copper. To produce it, molten copper is poured 
into large ladles or colanders pierced with small 
holes ; the copper passes through the holes in drops, 
and falls into a vessel of water beneath. If the 
water be hot, the copper solidifies into roundish 
drops like rain drops, which obtain the name of 
hean-shot copper; but if cold, the drops assume a 
ragged appearance, which earns lor them the name 
of feathered-shot copper ; and each of these has its 
own special uses. 

As it was not until comparatively modem times 
that zinc began to be known as a simple metal, the 
ancients had no mode of making brass by mixing 
zinc at once with copper; but they obtained the 
same end in a different way. Calamine, copper, and 
charcoal were put together into a furnace ; the 
carbonic acid of the calamine was driven off, ^and 
the zinc then combined with the copper to form 
brass. The modems could make brass by simply 
combining the two metals ; but they prefer to adopt 
a modification of the old process. The calamine is 
first broken into small pieces, and roasted in a rever- 
berating furnace, to give off moisture and carbonic 
acid. It is mixed with b^n-shot copper and 



209 


MUNTZ’s METAL ; DUTCH METAL. 

powdered charcoal, and put into earthen crucibles. 
When melted, the compound is poured into long 
flat granite moulds, producing slabs or cakes of 
brass. By changing the proportions of ingredients 
and the details of process, latten, tonibac, pinch- 
heck, Muntz's metal, and othet mixed metals, are pro- 
duced instead of brass. Sometimes blende or sulphu- 
ret of zinc is used instead of calamine ; in which case 
it is necessary first to drive off the sulphur by roasting. 

The usefulness of brass is indicated by the facts 
that this metal is harder, more fusible, and more 
sonorous than copper; that it turns well in the 
lathe, to produce highly-polished and durable instru- 
ments ; that it .draws out into excellent wire for pins ; 
that it may be beaten out into thin leaves of Dutch 
metal or Dutch gold ; and that for all kinds of arti- 
cles, useful or ornamental, made by casting, it is more 
manageable tlian copper. 

3. Tin, Lead, and Mixed METALa 

A very interesting group is formed by the soft 
metals tin and lead, and mixtures in which one or 
both take part : such as nickel silver, tin-plate, 
solder, pewter, alhata, German silver, Britannia 
metal, tutenag, bronze, heU-metal, speculum-metal, 
gun-metal, type-metal, fusihle-metal, &c. 

Tin Mining and Smelting. — This valuable metal 
has been known from very early times, and has 
alway3 been applied to peculiar uses on account cf 

o 



210 


TIN ORE AND TIN MINING. 


the properties it possesses. When pure, tin is one 
of the most silvery white of all metals. It is so 
malleable, that it may he reduced to the state of 
tin-foil less than a thousandth of an inch in thick- 
ness. It bears exposure to the air without much 
deterioration. It is very flexible, and may be bent 
to any shape without returning to its previous form. 
It melts at a lower temperature than almost any 
other metal, and thus assists in producing fusible 
metal by mixture with certain other kinds. 

Nearly all the tin obtained in Cornwall and other 
parts of the world is derived from veins of tin-stone, 
an oxide of tin combined with various other metals ; 
or from lumps of stream tin, which is an almost 
j)ure oxide. In Cornwall and Devon, the veins of 
tin-stone lie at various depths below the surface, and 
are reached by vertical shafts and horizontal galleries. 
AVhen brought to the surface, the ore is dressed, 
that is, subjected to processes which drive off most 
of the early impurities mechanically mixed with it. 
The lumps are^first broken with hammers into small 
pieces, and useless bits of sparry stone thrown aside. 
The ore is next crushed beneath rollers ; jigged 
or sifted in water to separate the tin-stone from the 
refuse; then stamped and washed in various ways, 
until everything is driven off that can be removed by 
mechanical means. 

Next ensue the operations necessary for separating 
such impurities as. are chemically combined with the 
tin. The crushed and washed ore is calcined in 
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furnaces, to get rid of arsenical and other vapours. 
It is then mixed with culm, or powdered anthracite, 
and put into another furnace; heat is gradually 
applied, and various impurities are thereby ex- 
pelled. Most of these substances may be skimmed 
off as a dross ; and the molten tin is allowed to flow 
out of the furnace into a vessel. By degrees, all 
the iron, copper, arsenic, tungsten, sulphur, and 
other substances are driven oft* by the action of a 
refining furnace ; and the refined tin is cast in 
granite moulds into blocks tvcighing about three 
hundred weight each. This is called lilochtin. 
For producing the finest kind, stream tin is employed 
instead of tin-stone, and charcoal instead of culm. 
The stream tin is melted, refined, and cast into 
blocks ; and these blocks being again melted, the 
metal is granulated by being allowed to fall from 
a height into cold water. Thus is produced grain- 
tin, 

Eveiything connected with the tin trade of Corn- 
wall is remarkable. The Prince of ^V^alcs, as Duke 
of Cornwall, is a sort of lord over most of the tin 
mines, and derives an annual revenue from some of 
them. Almost all the working operations are con- 
ducted by companies, who lease certain plots of 
ground for a certain number of years. They pay 
the landowner, not a definite money rental, but a 
per-centage on the value of all the tin ore they bring 
up to the surface. If the ore be deficient either in 
(j^uantity or quality, the landowner as well as the 
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company has to put up with smaller profits. The 
worWg-miners themselves have a partnership inte- 
rest, as well as the shareholders of the company; 
for they undertake the digging and dressing of the 
ore at a rate that will depend on the proportion of 
pure tin contained in it ; and therefore they, as well 
as all else concerned, are interested in discovering 
the probable quality of all the ore lying hidden 
beneath. This system develops the sagacity and 
observant powers of the miners. 

It may here be addM, that while all the Devon 
and Cornwall copper is smelted in South Wales, all 
the tin is smelted in those counties themselves. 
The same ships that carry copper ore to the copper 
works in one direction, often bring back coal to the 
tin works in the other. 

Tin-plate and Tin-ware. — It is a curious fact in 
the tin manufacture, that most of the metal is used, 
not by itself, but as a covering to another metal. 
Tin-plate or tinned-iron, of which our kettles and 
saucepans are so largely made, is sheet-iron coated 
on both surfaces with tin: coated so firmly, too, 
although thinly, as to be remarkably durable. The 
tin renders iron culinary vessels neater ^to look at 
and to handle, easier to keep clean, less likely to 
affect the contents of the vessels, and less likely to 
be aflected by those contents. The tin is appHed as 
a hquid, a process rendered possible by the compara- 
tively low temperature at which it melts. 

In making tin-plate, the best sheet iron is em- 
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ployed, smelted with charcoal instead of coal or coke, 
and rolled to a high degree of toughness and 
strength. The plates, usually cut to the size of 
about thirteen inches by ten, are cleansed from rust 
or oxide by washing with an acid liquor, heating in 
an oven, pickling with another acid liquor, rubbing 
with hemp and sand, washing in pure water, and 
other processes. A mixture of block and grain tin 
is then melted in iron pots, and a little grease put 
on the top. The plates of sheet-iron, steeped for an 
hour in melted grease, are immersed in the molten 
tin, and become coated with it on both surfaces. 
The grease keeps the surfaces of the iron free from 
contact with the oxygen of the air, which would 
otherwise interfere with the union of the two metals. 
Certain finishing processes bring the two to an 
equable, smooth, and bright condition on the surfaces 
of the plates. Sometimes, instead of tinning plates 
of iron, and making vessels of them, iron vessels arc 
tinned on the inner surface ; here the molten tin is 
poured into the vessel, and worked alx)ut by a piece 
of cloth or hemp. Bridle bits, stirrups, nails, tacks, 
pins, and other small articles are easily coated with 
a brilliant white metal by thus dipping them into 
molten tin. 

The working up of tin-plate into culinary vessels 
is a simple operation, but one calling for much dex- 
terity. Large shears fixed to a bench, smaller shears 
held in the hand, hammers, mallets, steel heads, 
wooden blocks, swages, soldering irons — these are the 
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chief tools. The tin-plate is cut by shears, and is 
easily brought to a definite form by beating with 
mallets on a properly shaped block ; different pieces 
are imited by soldering, and the hammer and swage 
finish up the work. Much tin-plate ware is made by 
stamping between dies ; and the articles so stamped 
are often further ornamented by lacquering, painting, 
or japanning, or by receiving that beautiful appear- 
ance called moire metallique^ so much admired a few 
years ago. 

Tin, as we have said, is used uncombined with 
other metals, but not extensively. One use is in 
making Un-foil, for placing at the backs of mirrors. 
This is produced by rolling out tin to a state of 
remarkable thinness. 

Lead Mining and Manufactures. — This metal 
very rarely occurs in nature in a pure state. It is 
obtained almost wholly from ores, such as galena, 
native 7namcot, and native minium. If we enume- 
rate the properties of lead we shall appreciate the 
reasons wdiy this metal is so much valued in the arts. 
Ijead is soft enough to bo easily bent ; it is tough and 
strong in sheets, if not rolled to too great thinness ; 
at common temperatures it is only acted upon slowly 
by the air ; it is easily malleable, insomuch that a 
few blows with a mallet will close up a leaden pipe 
or bend a piece of sheet lead into any form. The 
ease with which sheets of lead can be cut, flattened 
down, bent, and soldered, have caused this metal to 
be extensively used for roofing, terrace-coverings, and 
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cisterns ; while it is perhaps the most generally useful 
of all metals for small water pipes. 

Most English load is obtained from galena, or 
sulphuret of lead, found in Derbyshire, Devonshire, 
Cornwall, and North Wales. The mmeral occurs in 
beds or veins, and usually includes a small per- 
centage of silver, with other but less valuable sub- 
stances. The mineral is mined and brought to the 
surface in the same way as most other ores. When 
brought to the lead works, the . ore is crushed and 
washed to get rid of such impurities as can be 
removed by mechanical means. The galena is then 
thrown into a furnace ; the sulphur burns off ; various 
earthy matters rise to the surface as a scum ; the lead 
sinks in a molten state, and is ladled into iron moulds 
to make jpig-lead. 

Very delicate means arc adopted for separating 
what little silver there may be in the lead. It may 
be as low a proportion as one omice to the ton, or as 
high as a hundred ounces. The refiners have ascer- 
tained that it is worth while to undertake this work 
of separation if the silver exceeds three ounces to the 
ton. The pig-lead is melted and crystallized, melted 
and crystallized, over and over again, getting rid of 
portions of lead each time in the form of crystals, and 
leaving the silver behind. The remaining lead thus 
becomes richer and richer in silver, until it contains 
two or three hundred ounces to the ton. The silver 
is finally separated from the lead by another process, 
and the lead is brought back to the state of pig-lead 
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by re-melting. There is a lead-mine owner in Derby* 
shire who possesses a complete and valuable service 
of plate, the silver of which was derived in this way 
from the lead in his own mine. 

Lead is applied chiefly in the form of sheets to the 
more useful purposes for which it is fitted. To make 
sheet-lead the pigs are melted in large cauldrons, and 
poured out upon a cast-iron table covered with sand. 
Ledges at the sides of the table, and a long straight 
rod or roller, enable the workmen to spread out the 
lead in a sheet of definite thickness. More usually, 
however, at the present day, the lead is cast into the 
form of a large block, or cake, six or seven feet 
square, and weighing several tons ; this block iS drawn 
several hundred times between powerful iron rollers, 
by which it is thinned to any desired degree, aild 
drawn out to a length of three or four hundred feet. 
Sheet lead produced in this way is called milled 
lead. 

Lead jpipes are made in a singular way. The lead 
is fii*st cast into a short but very thick cylinder ; the 
cylinder is then drawn by intense steam power 
through a series of holes in steel dies, the holes, 
being in a series, becoming smaller and smaller as the 
operation proceeds. The lead stretches out in pro- 
portion to the degree in which the external diameter 
is reduced. The inner diameter or bore remains 
constant, by means of an iron rod kept inserted 
in it. . " 

Lead is useful for many minor purposes ; among 
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which is that of fastening iron rails into masonry. 
This is easily managed on account of the low tem- 
perature at which lead melts allowing it to be easily 
poured from ladles into holes prepared for its re- 
ception. 

Mixed Metals. — The mixed metals, in most of 
which either copper or tin is an ingredient, are both 
numerous and useful. Sometimes the mixed metal 
possesses qualities intermediate between those of the 
components ; while in other cases new qualities are 
developed, and thus manufacturers are provided with 
metals possessing certain properties in any desired 
degree. We have already noticed hr ass, latten, 
tombac, pinclibeck, Muntz's metal, Dutch metal, &c., 
formed by various mixtures of copper and zinc ; and 
a rapid glance vrill now be taken at a number of 
other mixed metals highly useful in the arts. 

Bronze is a combination of about nine parts of 
copper with one of tin ; it is harder and more fusible 
than. copper, and is on that account much valued in 
certain branches of manufecture. Statues are cast 
in bronze more frequently than in any other metal ; 
and England is now receiving an exchange of pence, 
halfpence, and farthings in bronze for others in 
copper. Bell-metal is formed of four parts of copper 
with one of tin ; it is more sonorous, giving a louder 
and more musical sound when struck, than any other 
inetal. Speculum-metal, for making the reflectors of 
telescopes and microscopes, consists of about two parts 
of copper to one of tin. Notwithstanding that the 
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reddish metal copper, is in twofold proportion to the 
white metal tin, this compound presents an exqui- 
sitely white reflecting surface when polished. Oun- 
metal is a mixture of copper and tin, not differing 
very much from bronze. Tuienag, of which the 
Chinese make their loud-sounding gongs, is a 
compound of copper, zinc, nickel, and iron; it is 
silvery white, very sonorous, and takes a fine polish. 
Cymbal-metal is something between bell-metal and 
gong-metal. German silver, now used largely as a 
substitute for real silver, is nearly like tutenag in 
composition, but without iron. ' Alhata is another 
silvery-white metal, made chiefly of zinc and tin. 
Niclcel silver is another, containing nickel as one of 
the components. Britannia-metal is made of tin, 
antimony, copper, and brass, mixed in certain pro- 
portions; it is brilliant, white, light, cheap, and 
worked with great facility, and is largely used at 
Sheffield and Birmingham for making tea and coffee 
pots, candlesticks, and other articles. The four 
mixed metals, last named, are very extensively used in 
the arts as substitutes for the more costly metal, 
silver. 

Numerous as arc the mixed metals noticed above, 
there are still others worthy of notice. Bolder is a 
general name for any metal which, used in a molten 
state, serves as a cement for other metals in a solid 
state. Thus, hard brass solder is made of brass and 
zinc; soft brass solder contains also a little tin; 
copj>er solder, made of copper and zinc, is softer than 
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either of the above two ; petvter solder consists of 
five parts of lead, one of tin, and one of bismuth, 
and melts at a comparatively low heat ; while 
^plumbers' solder consists of equal parts of lead and 
tin. Peioter, largely used for beer measures, con- 
sists of about four parts tin to one of lead, with 
sometimes a little antimony and copper; although 
easily bent, it will bear much rough usage without 
breaking ; and on this account it was formerly often 
used for plates and dishes. Type-metal^ for making 
the small types used by printers, is not always alike 
in composition ; but lead is invariably the chief com- 
ponent. The other metals are chiefly tin, antimony, 
or bismuth, or two out of these three. Bismuth has 
a curious effect on the mixture ; it is one of the few 
metals that expand in cooling; and this property 
enables it to fill up the deep comers of the type- 
moulds, thereby rendering the types clear and sharp. 
Fusihle-metal is a common name for any kind tliat 
melts at a very low temperature ; one variety con- 
sists of five parts of bismuth, three of lead, and two 
of tin ; this melts at as low a temperature as that of 
boiling water. One particular mixture melts at even 
a lower temperature than this ; and it is a familiar 
puzzle or trick to give a visitor a tea-spoon made of 
such metal ; the spoon melts in the tea, if the latter 
be very hot. There are certain qualities which 
render some of the fusible metals fitted for making 
stereotype plates, and also for the blocks employed 
in calico-printing. Safety-valve or plug-metal^ of 
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reddish metal copper is in twofold proportion to the 
white metal tin, this compound presents an exqui- 
sitely white reflecting surface when polished. Gun- 
metal is a mixture of copper and tin, not differing 
very much from bronze. Tutenag, of which the 
Chinese make their loud-sounding gongs, is a 
compound of copper, zinc, nickel, and iron ; it is 
silvery white, very sonorous, and takes a fine polish. 
Cymbal-metal is something between bell-metal and 
gong-metal. German silver, now used largely as a 
substitute for real silver, is nearly Hke tutenag in 
composition, but without iron.-^ Albata is another 
silvery-white metal, made chiefly of zinc and tin. 
Nickel silver is another, containing nickel as me of 
the components. Britannia-metal is made of tin, 
antimony, copper, and brass, mixed in certain pro- 
portions; it is brilliant, white, light, cheap, and 
worked with great facility, and is largely used at 
Sheffield and Birmingham for making tea and coffee 
pots, candlesticks, and other articles. The four 
mixed metals, last named, are very extensively used in 
the arts as substitutes for the more costly metal, 
silver. 

Numerous as are the mixed metals noticed above, 
there are still others worthy of notice. Solder is a 
general name for any metal which, used in a molten 
state, serves as a cement for other metals in a solid 
state. Thus, hard brass solder is made of brass and 
zinc; soft brass solder contains also a little tin; 
cojpim* solder, made of copper and zinc, is softer than 
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either of the above two; peider solder consists of 
five parts of lead, one of tin, and one of bismuth, 
and melts at a comparatively low heat; while 
plumbers' solder consists of equal parts of lead and 
tin. Pewter, largely used for beer measures, con- 
sists of about four parts tin to one of lead, with 
sometimes a little antimony and copper; although 
easily bent, it will bear much rough usage without 
breaking ; and on this account it was formerly often 
used for plates and dishes. Type-meial, for making 
the small types used by printers, is not always alike 
in composition ; but lead is invariably the chief com- 
ponent. The otlier metals are chiefly tin, antimony, 
or bismuth, or two out of these three. Bismuth has 
a curious effect on the mixture ; it is one of the few 
metals that expand in cooling; and this property 
enables it to fill up the deep comers of the type- 
moulds, thereby rendering the types clear and sharp. 
Fusihle-^neial is a common napae for any kind that 
melts at a very low temperature ; one variety con- 
sists of five parts of bismuth, three of lead, and two 
of tin ; this melts at as low a temperature as that of 
boiling water. One particular mixture melts at even 
a lower temperature than this ; and it is a familiar 
puzzle or trick to give a visitor a tea-spoon made of 
such metal ; the spoon melts in the tea, if the latter 
be very hot Tliere are certain qualities which 
render some of the fusible metals fitted for making 
stereotype plates, and also for the blocks employed 
in calico-printing. Safety-valve or plug-mdal, of 
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nearly similar composition, is hard enough to form 
the valves or plugs in the boilers of steam-engines ; 
but it melts when the boiler becomes too hot, and 
thereby permits the escape of overcharged steam 
that might otherwise cause an explosion. 

4. Gold, Silver, and Money-making. 

All the metals hitherto noticed are small in value 
compared with the two which are now to engage 
attention, gold and silver. ^ 

Gold and Silver Mining and Eefining. — The 
most precious of all the metals, as the world calls it, 
is met with in various countries underground, but no- 
Avhero in large masses. It is usually small in quantity 
in any one place, and combined with many other sub- 
stances. Some years ago. South America was the 
chief storehouse for gold ; next ranked Siberia ; but 
in later years California and Austraha have taken the. 
lead. Sometimes nuggets or small pieces are picked 
up, nearly pure, varying in weight from a fraction 
of an ounce up to many pounds. At other times tlie 
gold is found in small grains, mixed with the sand 
and mud of rivers. Sometimes, again, it is combined 
with quartz, in a crystalline form, and in propor- 
tions that vary within very wide limits. The gold- 
diggers, now at work so largely in California and 
Australia, seek for gold chiefly near rivers. They 
wash the river sand, or dig into rocks, according to 
the indications that may be presented. K they are 
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poor, ignorant men, they dig and search without 
much system, and experience many periods of priva- 
tion between their moments of good fortune ; but if 
many work together, and invest a little money in 
labour-saving machinery, their chances of success 
become much more considerable. At the diggings 
are agents of bankers and bullion-dealers, ready to 
purchase all the gold and gold ore, at a price depend- 
ing on the ratio of pure gold contained in each 
specimen. 

The ore containing gold is crushed, ground, 
washed, and otherwise treated, to separate all earthy 
matters from it. Any baser metals that may be in 
combination are removed chiefly by the aid of quick- 
silver, which, when heated, helps to carry off those 
metals, and leave the gold behind. When thus 
separatc'd, the gold may bo cast into blocks or 
ingots ; and these may be rolled into plates, stamped 
into coin, beaten into leaves, or drawn into wire, 
with great facility. Gold is so malleable, that it 
may be reduced by hammering to one 250,000th 
part of an inch in thickness. It is so ductile, that 
one grain may be drawn out into five hundred feet 
of wire. It is so little afiected by external agents, 
that it suffers scarcely any change from air or 
moisture. It has just that degree of softness which 
enables it to be stamped easily without wearing very 
rapidly when stamp^. These properties, together 
with its splendid colour, and the high polish which 
it takas, render it universally admired. 
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A companion ‘ precious metal/ silver, is found in 
various parts of the world ; but it has not, like gold, 
been marked by a great increase of discovery within 
any recent period. The silver mines maintain pretty 
nearly a steady uniformity in number and productive- 
ness, taking one with another; although there are 
fluctuations in richness in each particular mine. 
Sometimes a mass weighing five or six hundred 
pounds, nearly pure, will be found; but the pure 
specimens are few in number, and generally small in 
size. The silver ores of Mexico and South America, 
which are the kinds best knovm to us, mostly contain 
sulphur, antimony, or muriatic acid. Some of the 
veins are a hundred or a hundred and fifty feet in 
width, and have been worked to an extent of eight 
or ten miles. These ores are seldom rich. Taking 
an average of all in Mexico, it is found that one 
hundred pounds of ore contain barely four oimces of 
silver. Sometimes, as in the rich mine of Copiapo, 
ore is met with in which more than half the weight 
is pure silver; but to counterbalance *this, there are 
other mines in which one thousand pounds of ore 
contain only two ounces of the precious metal. 
According to the components ' of the ore, so do the 
processes vary for extracting the silver. The ore is 
crushed and ground, roasted and w’ashed, melted and 
stirred ; the ingredients, one by one, are separated 
by skimming, subsiding, or volatizing ; and refining, 
by means of quicksilver, carries off the last remaining 
metallic impurity. All these processes, as -also those 
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for gold, resemble in principle those described in for- 
mer sections connected with the coarser metals ; the 
chief difference being, that they are more carefully 
conducted. 

Gotu) AND Silver Working. — Scarcely is it pos- 
sible to enumerate all the uses to which these two 
beautiful metals are applied. We can only glance 
at the principal among them. 

For making gold-leaf, the gold is brought, by 
means of flatting mills, to the state of a thin ribbon. 
This ribbon is cut up into pieces about an inch square ; 
and the pieces, by repeated blows with heavy hammers 
(which are kept from touching the gold by the inter- 
vention of leaves of goldbeaters’ skin), are spread out 
gradually in length and breadth. The gold is reduced 
to less than pne 250,000th of an inch in thickness. 
Though so exquisitely thin, the gold is imbroken, 
and can be applied to various kinds of gilding. Silver- 
leaf is prepared by means of hammers in a similar 
way, but cannot be brought to so great a degree of 
thinness. Gold and silver wire, for numerous pur- 
poses in the arts, is made by j)reparing a cylindrical 
rod of the precious metal, and dragging this rod 
forcibly through a series of holes ; the holes are 
graduated in size ; so that the rod becomes converted 
into a thick wire, and this into wire of any required 
degree of thinness. For making gold lace, wire, made 
in the way just described, is flattened by a highly- 
finished steel rolling mill, and twisted round a thread 
of sUk; the compound thread, thus made, is finally 
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woven or twisted into a kind of lace or braid. Silver 
lace is made in a way nearly similar. 

In making gold and silver jjlate^ such as presenta- 
tion salvers, racing cups and vases, and table services 
for state occasions, most of the mechanical processes 
already more than once noticed — casting, rolling, 
cutting, hammering, tube-drawing, stamping, press- 
ing, soldering, and the like — are employed. The 
chief difference is, that these processes are conducted 
more delicately, both in extent and in manner, on 
account of the great value of the gold and silver 
operated upon. Burnishing, chasing, and engraving, 
are other processes by which the work is brought to 
a finished state. For making gold and silver coin, 
operations are conducted of so curious a kind, as to 
deserve a little separate attention presently. For 
gilding picture and mirror frames, and other articles 
of ornamental character, the gold is used in the form 
of leaf. The surface on which the gold-leaf is to be 
laid, whether of wood, papier-mache, carton-pierre, 
or composition, is prepared in a particular way for 
its reception, by layers of gold-size and other sub- 
stances ; and the gold, when applied, is finished by 
burnishing and other processes. Silvering is a simi- 
lar apphcation of silver leaf, but is not so much 
employed. For gilding luttons, and other small 
metallic articles of use and ornament, the gold is first 
combined witli quicksilver into a paste ; the paste is 
applied with a brush to the articles, which are first 
prepared for its reception by aquafortis ; and then a 
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carefully applied heat, driving off the quicksilver, 
leaves the gold behind it as an extremely thin but 
adherent film, which may be further improved by 
burnishing. This is often called water-gihling, but 
the name is an inappropriate one. The costly arti- 
cles of silver-gilt work are made by preparing the 
article in solid silver, and then applying a surface of 
pure gold by the so-called process of water-gilding. 
Another mcxle of applying a thin layer of gold or 
silver, by electric action, will come separately under 
notice shortly. Plating ^ or niher-iilating , is a mode 
of making ornamental goods, in which a common 
metal acts as a foundation or basis for a surface of 
silver. In the first place, a thin plate of silver is 
placed upon a thick plate of copper, albata, or some 
other metal ; the two are rolled together to any 
required degree of thinness ; the silver is thinned as 
well as the baser metal, until it is at length only a 
mere film. Out of the sheet of compound metal thus 
prepared, candlesticks, dish-covers, and other arti- 
cles are made, by various mechanical processes. 

The Mint and Money-making. — The coining of 
money takes rank among the most delicate kinds of 
working in metal ; so numerous are the precautions 
to insure excellence in quality and accuracy in quan- 
tity. The Mint, on Tower Hill, contains an array 
of beautiful machinery for these purposes. 

Let us take one particular coin, a sovereign, as an 
example of the mode of making all. The die-sinker 
or engraver prepares two engravings, to represent 
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the devices on the two sides of a sovereign ; they are 
engraved on small pieces of soft steel, which are 
afterwards hardened. Each of these engravings con- 
stitutes what is called a matrix, which, by immense 
pressure, is made to produce a mould in a soft piece 
of steel ; the matrix is hardened ; by pressure a copy 
is obtained from it in soft steel ; and this copy, when 
hardened, is used as a die to stamp the coin. The 
same matrix will produce a great number of dies in 
this way. 

The gold requires much preparation before it is 
fitted for stamping. It is sent from the refiner’s to 
the Mint, in bars or ingots worth about 700?. each. 
The gold is assayed, or tried, and brought to the 
exact state (slightly alloyed with silver and copper) 
called sterling. Several ingots are molted, and cast 
into a long flat golden bar worth nearly 5000?. This 
bar is passed many times between highly-polished 
steel rollers ; then cut into pieces ; then annealed in 
an oven ; then rolled again — and so on, until it is 
reduced to the form of a long broad ribbon, exactly 
as thick as a sovereign. The most rigid precautions 
are taken to insure equality of thickness. The ribbon 
of gold is then cut into hlanlcs, small circular pieces 
containing exactly the quantity necessary for one 
sovereign each. Several powerful presses are em- 
ployed for this purpose; boys place the ribbons of 
gold in the machines, and shift them after each cut ; 
while punches are brought down with force enough 
to stamp out the blanks. In busy times, as many as 
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two hundred thousand sovereign-blanks are punched 
out in a day, at the Mint. All the scrap, callal 
scissel, or cuttings, is sent back to the furnace and 
re-melted. 

There come now into operation several weighing 
machines of exquisite construction. Piles of blanks 
are fed into the machine ; these separate themselves 
into three groups, and fell into threo boxes, accord- 
ing as they are heavy, medium, or liyht. I'hey 
weigh themselves, rather than are weighed. The 
heavy and light blanks are cast aside to be re-melted ; 
the medium ‘blanks, whicli generally compiiso forty- 
nine out of every fifty, are reserved for coining. 
Another machine then takes each of these proper or 
medium blanks, and, by a peculiar movconent, rolls 
the edge smooth and circular, and makes it project 
shghtly on each surface. Then they are heated in a 
fire, cooled in water, cleansed with ddiite sulphuric 
acid, and dried with hot beechwood sawdust. 

Now comes the stamping. The die is placed on 
a firm stand or basis ; and the counter-die is held 
fest in a moveable frame over it. Planks are fed 
into the machine through a tube, and fall upon the 
die one by one. Directly a blank thus takes its posi- 
tion, the counter-die, acted upon by steam povv^er, 
comes down upon it with great force, and both sides 
receive the impress at one time, Not only so, but 
the milling, or series of little lines and hollows at 
the edge, is produced by the same action. 

Half sovereigns are made in a similar way ; so 

p 2 
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are the various kinds of silver coins, with minor 
changes in the routine of processes. Generally speak- 
ing, copper coins have been made for the Government 
by private firms at Birmingham ; and so are the 
hard, small, light, neat, bronze coins now used instead 
of copper. 

5. Quicksilver and ELEOTRO-METALLURoy. 

There are many metals too scarce or too unimpor- 
tant to claim notice in this little work ; but one, 
mercury or quicksilver, must not be passed over un- 
healed. And there is one peculiar mode of working 
in metal — electrotypirig or electro-metallurgy — that 
equally deserves description. 

Mercury and Quicksilvering. — Mercury is one 
of the most remarkable of all metals. It is the only 
one that is liquid at ordinary temperatures ; and it is 
unquestionably the most brilliant of all colourless 
liquids. Its mode of extraction is remarkable, as is 
everything else relating to it. Most of the supply 
is obtained from Almaden in Spain, and Idria in 
Camiola. The ore that contains it is chiefly cinna- 
bar, or sulphuret of mercury. The mines at Almaden, 
about fifty miles from Madrid, are the most extensive 
of the kind in the world. Tliey are worked in part 
by convicts, who remain only three hours a day 
underground, on account of the uiihealthiness of 
the employment. The cinpabar is a stony sub- 
ptance, which is treated much like other metallic 
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ores. The proportion of pure mercury varies from 
three to ten ounces in a pound of ore. The mines 
belong to the Spanish Government, who make all the 
arrangements for working them. There are twelve 
large ovens for smelting the ore, named after the 
twelve apostles. 

The quicksilver mines of Idria, though less valu- 
able, are no less remarkable than those of Almadcn. 
The miners descend to a depth of nearly eight hun- 
dred feet, by a staircase cut in the rocks. The 
mining operations are conducted in‘ galleries, where 
the cinnabar is found in veins from two to six inches 
in thickness. It is of a dull-red colour, and is suffi- 
ciently soft to be wrought easily with the pickaxe. 

When the mercury is to be obtained from the ore, 
the ore is broken, sifted, and crushed. This crushof^ 
ore is thrown into furnaces, with iron, Ihne, or some 
other agent, and heated ; the agent combines with 
and carries off the sulphur, leaving the mercury -in a 
state of vapour. This vapour ptisscs off into another 
vessel, and cools down to a liquid state: When puri- 
fied by filtration, it is packed either in sheepskin 
bags or in iron bottles. This beautiful metal is more 
than thirteen times as heavy as water ; it does not 
pass into vapour until heated up to 650^ F. ; nor 
does it freeze down into a solid imtil the intense 
cold of 40° below zero, or 72° below the freezing 
point of water, is reached. 

One of the chief uses of mercury is for amalgama- 
tion. Wlien gold or silver is combihed with other 
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suLstances in ores, mercury is a valuable agent for 
separating it. The precious metals have a strong 
affinity for mercmy. When heat is properly applied 
to them, they quit the other ingredients of the ore 
to combine with the mercury, forming what is called 
an amalgam ; and when this amalgam is again ex- 
posed to heat, the mercury goes off in vapour, leaving 
the gold or silver behind. 

Another remarkable employment of mercury is for 
silvering loohing-glasses. The term is not a proper 
one, for there is no silver employed ; it would be 
more correct to say quicksilvering. In this process, 
a sheet of thin tin-foil is spread out on a very smooth 
flat stone ; it is flooded all over with mercury ; the 
glass is laid upon it in such a way as to expel air- 
bubbles ; and heavy weights are laid on the glass. 
The weights press out all the superfluous mercury ; 
and the remainder combines with the foil to form an 
amalgam, or mixed metal of mercury and tin, 'which 
adheres with sufficient firmness to the glass. 

In making barometers and thermometers, no other 
liquid is so useful as mercury, which expands and 
contracts readily, and remains in a hquid state at all 
except very high and very low temperatures. The 
filling of the slender glass tubes "with mercury is a 
very delicate art ; and it is a singular fact, in rela- 
tion to the distribution of trades, that this art is 
practised in England almost exclusively by Italians. 

Electro-plate and Electrotype. — The applica- 
tion of electricity to the Tproduction of beautifully 
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pure, thin, and uniform films of metal, is one of tlio 
most remarkable recent inventions in manufactures. 
It is literally true that a cup or salver of copper or 
some other cheap metal may be put into a vessel of 
cold liquid, and taken out soon afterwards covered 
with a layer of absolutely pure gold ; and that this 
layer by longer immersion in the liquid, might bo 
made so thick as to constitute a cup or salver strong 
enough for use even when separated from the sup- 
porting metal. 

If a galvanic current be made to pass through a 
metallic solution, the metal becomes separated, and 
deposited atom by atom on any surfece suitable for 
its reception. According as the metal is gold, silver, 
or copper, for instance, so must there be selected a 
particiilar kind of liquid to hold it in chemical cor^.- 
bination and so also is there a particular substance 
selected to form the surface on which the deposition 
is to take place. Cyanide of gold and potassium, 
cyanide of silver and potassium, sulphate of copper — 
these are some among many salts which are held in 
a diluted state in the vessels. The substances on 
which the deposition takes place mny be of almost 
any kind — ^metal, wood, wax, plaster, paper, bits of 
lace, or even leaves, buds, twigs, or ^it. But in 
every case the surface requires to be prepared with 
some substance wliich has a particular chemical and 
mechanical relation to the deposited metal; black 
lead and phosphorus are two of the substances thus 
employed. 
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If we take one of the best specimens of Elkington’s 
electro-plate, we shall find that its manufacture in- 
volves a large number of processes. The artist 
sketches a design. The modeller makes a model from 
this design, in wax or composition. The moulder 
casts a lead mould from the model. The pattern- 
maker produces a brass cast or pattern from the leaden 
mould. This pattern represents in form and propor- 
tion the article to be made ; and as it is formed of 
strong metal, which will serve as the basis for any 
number of copies, the original model may be broken 
up. A sand-mould is made from the pattern ; and a 
cast is obtained from this mould in a peculiar white 
metal bearing some resemblance to silver. 

The white metal basis for an article in electro- 
plate may either be prepared by these elaborate pro- 
cesses, or by the mechanical operation of stamping, 
rolling, hammering, swaging, embossing, &c., ac- 
cording to its fom. In either case, when ready, it 
is immersed in a chemical solution of gold or silver, 
and a galvanic current sent through the liquid. The 
precious metal separates from the other constituents, 
and settles on the white metal in] an exquisitely thin 
film, which may be thickened to any required degree. 
A plate of the precious metal, whichever of the two 
kinds it may be, is hung in the liquid, to feed the 
latter as it becomes impoverished. 

When properly conducted, the process leaves a 
permanent deposit of one metal on the surface of 
another ; and thus electro-pkite of great beauty is 
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produced at a cheap rate. Sometimes the operation 
is employed, not for saving valuable metal, but for 
feithfuUy copying devices engraved on metal plates. 
Thus are produced £ac-similes of engraved pictures 
and maps, engraved printing-cylinders, stamped coins 
and medals, and numerous other works of use and 
ornament, under the designation of electrotype. 


Many other metals might engage a little of our 
attention on account of their curious properties. 
Scientific chemists have detected and separated about 
fifty metals altogether, without reckoning those which 
consist of alloys or mixtures of two metals ; but only 
a few of them (chiefly those described in this chapter) 
have been brought practically into use by man; 
and three-fourtlis of the number have never been 
seen but by the eyes of scientific inquirers. Iron, 
copper, zinc, tin, lead, gold, silver, mercury — ^these 
eight, with mixed metals formed by combinations of 
two or more of them, are those wherewith our work- 
shops and our every-day operations are mostly con- 
cerned. It is true that there are other metals which 
form the bases or groundwork of the invaluable 
substances salt, soda, potash, clay, lime, &c. ; but 
these are not known in the metallic form to one 
person in one thousand : we are told that they exist, 
on evidence which is trustworthy, but few of us know 
of their existence from the evidence of our own 
senses. In considering the subject of metals gene- 
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rally, it is imjjossible not to be struck with the fact 
that the most precious metals, so called, are far from 
being really the most precious to man. It is a 
grand fact that oiu’ colonies in Australia and America 
contain gold which is every year enriching those 
comitries ; but how insignificant this wealth becomes 
when we compare it with the iron of England ! ^The 
gold wo could dispense with ; but how about the 
iron ? Place a lump of gold and a lump of iron 
before a rude dweller in the plains and forests, 
miprovided with the means of effecting an exchange 
or barter ^vitll more civilized nations ; or let aU the 
gold and all the iron be in imagination swept away 
from England, compelling us to begin over * again 
our social existence as a nation — the relative merits 
of the two metals would soon be made apparent. 
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CHAPTER VI. 

MINERALS AND CHEMICALS. 

This chapter will pass in review a number of sub- 
stances, and processes relating to them, which belong 
especially to the group of minerals and chemi-- 
cals. Many materials have already been noticed, 
such as sto7ie^ date^ lime, cement, mortar, concrete, 
plaster, clay, hriclcs, tiles, coal, and coice, which tako 
rank among minerals ; and many othei’S which, in 
the mode of their production and their mutual action, 
are chemicals. There are, however, certain others 
that will afford an ample reward to those who study 
them — such as gems m.&preciom stones ; pottery and 
porcelain, glass, saU, soda and potash, soap, sulphur, 
and sulphuric acid, aquafortis, saltpetre, gunpowder, 
alum and aluminium, dyes, and colouring drugs, 

1. Gems and Precious Stones. 

What are gems ? It is nothing but the fancy or 
liking of men that determines which stone shall be 
called a gem or a precious stone. If one stone 
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appears to us more beautiful than another, it is a 
precious or highly-prized stone to us ; and if it he 
very rare and costly, we call it a gem. For the sake 
of convenience, however, certain natural stones are, 
by general consent, placed in the list of gems ; partly 
on account of their beautiful colours, partly for their 
extreme hardness, and 23artly in relation to the ex- 
quisite polish which they take. The hardest of these 
are chiefly the diamond, sap})hire, clirysoberyl, ruhy, 
and zircon. The next in hardness are the agate, 
amethyst, aquamarine, bloodstone, carnelian, car- 
buncle, cat's-eye, cliahedony, chrysolite, chrysoprase, 
crystal, emerald, garnet, jade, jasper, lapis-lazuli, 
onyx, opal, sardonyx, and topaz, l^he softer kinds, 
such as alabaster, coral, jet, malachite, satin stone, &c., 
are hot usually called precious stones, although they 
rank among articles of ornament. 

Gem-cutting and Lapidary Work. — All gems 
and precious stones are met with naturally, occurring 
with other fragments of stone under various circum- 
stances. The diamond is the most valuable of all 
known substances, and is at the same time the 
hardest. Few things in chemistry are more remark- 
able than the identity of composition between carbon 
or charcoal and diamond. The diamond is absolutely 
pure carbon, in a crystalline form. Formerly, the 
supply came chiefly from Golconda, in the East Indies ; 
but at present most of the diamonds are brought from 
Brazil. They occur as rough pebbles, and do not 
present much beauty of appearance until they have 
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passed through the hands of the diamond-workers. 
These workers are ranked in classes, according as 
they are skilled in cutting, splitting, sawing, or 
polishing these valuable gems. Diamonds may be 
split by a sharp blow from a peculiar knife, applied 
in a particular direction. They may be sawn in 
two, by a saw made of fine brass wire : particles of 
diamond powder, moistened with olive-oil, servo the 
place of teeth to the saw. They may be cufc to make 
facets, or small flat surfaces, all over them, by a slow 
process of grinding with diamond-powder. And 
they may be pohshed, by the patient application of 
certain polishing substances. Thus have Ixioii j)re- 
pared those diamonds which have acquired notoriety 
— such as the Pitt or Begent diamond, the Pigott 
diamond, the Austrian Bogal diamond, the Nassnch 
diamond, the Grand Bussian diamond, and the 
world-renowned Koh-i-noor, or ^ moimtain of light,’ 
now the property of Queen Victoria. 

All the other gems are of less value and brilliancy 
than the diamond ; but many of them have never- 
theless been objects of attraction from a very early 
period of the world’s history. The sa/pphire, next 
in hardness to the diamond, varies in all shades of 
blue, from deep indigo up to nearly white. It is 
found in Pegu, Ceylon, and a few other places, 
mostly in the sand of rivers. The deep-blue speci- 
mens are most valued, especially those that have a 
star-like radiancy, and are called asterias. The ruby 
is nearly as hard as the sapphire, and varies in tint 
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from purple, through crimson and rose-colour, up to 
pinkish-white; it is brought chiefly from Ceylon, 
Pegu, Sweden, and Mount Vesuvius. Th^ hyacinth 
varies in colour from orange-red to whitish-yellow, 
and is found in various parts of the East. The 
topaz is a beautiful gem, generally of a yellow colour ; 
the largest known, in the Museum of Natural History 
at Paris, weighs four ounces. The emerald is not so 
hard as most other gems ; but its beautiful grass- 
green colour makes it an object of great admiration. 
The heryl or aquamarine is very similar to the 
emerald, except in colour, which is blue. The garnet 
is a rich blood-red gem ; the amethyst, a kind of rock 
crystal, has a beautiful violet colour ; and the chry~ 
soprase, an apple-green tint. The carnelian and 
the chalcedony difler only in their colour ; the former 
is orange, yellow, or red; while the latter varies 
from white to light-blue. The chalcedony, when 
varied in tint in a peculiar way, becomes the onyx 
or the sardonyx, much used for engraving into 
cameos. Opal is a gem remarkable for that peculiar 
kind of lustre call^ from it opalescence. 

All these gems, and others of less importance, are 
cut, ground, and polished by the lapidary. He em- 
ploys chiefly a milUplate or mill-wheel, revolving 
rapidly on a vertical axis. This mill-wheel is made 
of copper, lead, or hard wood, according to the hard- 
ness of the gem to be ground; and it is wetted 
either with diamond powder and oUve-oil, or with 
emery and water. The gem is cemented to the end 
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of a short rod, and. applied to the upper surface of 
the mill-wheel, which grinds it away by friction. In 
this way the facets or little flat snrlaces of gems are 
produced. Some gems are split before grinding, to 
make a greater show with a given quantity. The 
polishing is efiected in the same way as the grinding, 
excepting that the wheels and the frictional powder 
are of finer texture. 


2. Pottery, Porcelain, and Earthenware. 

Perhaps the most generally useful of all the ap- 
plications of earthy substances, in their soft or plastic 
state, is that which is so well known to us by the 
names given in the above heading. 

Pottery and Earthenware. — Clay, when moist, 
can easily be moulded into form ; when baked in an 
oven, it becomes hard and durable ; and when coated 
with a liquid which turns vitreous under the action 
of fire, it becomes glossy, clean, and well fitted to 
resist corrosive action. 

In making coarse red ware, such as garden pots 
and red pans, a common kind of clay will suflico. 
For brown stoneware, such as water-jugs, washing- 
pans, &c., a finer clay is needed, that will harden 
almost to the consistence of stone. For earthenware, 
such as the blue and white dinner and tea services 
now so extensively used, the clay requires the ad- 
dition of some kind of stone or flint. For the finest 
forcelain or china-ware, the clay and stone require 

Q 
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to be selected with great care, and to be used in due 
proportion. 

Let us take an earthenware tea-cup as an example. 
Clay of a particular kind, obtained from Devon, 
Cornwall, and Dorset, is found better than any other 
in England for this purpose ; it is whitish, smooth, 
and pure, and bakes well. At the pottery works in 
Staffordshire or elsewhere, the clay is brought to a 
creamy state with water. Flint or flinty stone is 
burned in a kiln, crumbled into pieces by suddenly 
plunging in cold "svatcr, ground to powder in a mill, 
washed to a very pure state, and mixed with the 
pulp or clay-cream. The mixture, called after 
being agitated and sifted, is evaporated until brought 
to the state of a soft clay. This clay, after a few 
more processes, is in a fit state for making into 
earthenware. 

The ilirouinf/ of a tea-cup or other vessel, by 
means of the letters wheel, is a curious operation. 
This wheel is a small circular stand, made to rotate 
horizontally by means of a winch handle and band. 
A piece of prepared clay, large enough to make the 
vessel, is laid upon the stand, and made to rotate 
with it. The potter, wetting his hands and applying 
them to the clay, works it about in various ways ; 
raising it up, pressing it down, hollowing it on the 
inside, fashioning it on the outside ; until, without 
the aid of any tools, he has brought it to the proper 
shape. When about half dry, the vessel is turned in 
a lathe, to give it a true and smooth shape, and to 
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produce rims, rings, &c. If, like a jug, the vessel 
requires a lij^, a slight loressurc produces one ; or 
else a piece of clay is stuck on at a place made 
vacant to receive it. If, like a tea-cup, it requires a 
handle, a small sliji of clay is moulded to the form 
and stuck on, liquid clay being used as a cement. 
Sometimes the spouts and handles are very ornate, 
in which case they are pressed in moulds ; but for 
common articles tliese appendages are made and 
fixed with wonderful quickness. 

When the tca-cup or other vessel, fully formed 
and turned, leaves the hands of the maker, it is laid 
aside to dry. After this it is baked in an oven. In 
order to make the best use of a large fire, many 
newly-made articles of eartlienware are put in^^o 
large oval cases called seggars, and the oven is 
nearly filled with several such. Here the ware 
remains about [two days and nights, exposed to a 
fierce heat, which bakes the clay to the state of a fine 
stone. If the clay and flint Imve been selected with 
care, the ware comes out perfectly white. It is, 
however, dull or unglazed, in the state called hiscuit ; 
and this biscuit requires to be glazed before it will be 
fit for use. The glaze is a liquid, usually made of 
litharge and flint reduced to a powder and mixed 
with water to the consistence of cream. The ware 
is dipped in this cream, and then put into a glaze- 
oven ; here the heat converts the liquid into a true 
glass, which imparts both beauty and usefulness to 
the ware. 

Q 2 
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Decorated Ware and Porcelain. — The earthen- 
ware cup just described is supposed to be plain and 
white, without any adornment whatever. In prac- 
tice, however, such plain ware bears but a small pro- 
portion to that which receives some sort of beautify- 
ing, by means either of ornament or of colour. 

Some kinds of ware, such as plates and saucers, 
shallow in proportion to their width, are made by 
pressing clay upon a mould ; and according as the 
mould bears devices of foliage, flowers, &c., so would 
the ware be ornamented. A kind called dipped 
ware has rings and ornaments produced on the 
surfiice by means of liquid coloured clay. Articles 
of more complicated shape than can be produced by 
throwing or pressing, are made of creamy clay poured 
into plaster moulds, and carefully sohdified by drying. 

But the hlue printed ware is that for which 
England has become celebrated all over the world. 
No other country produces anytliing like so large a 
quantity of this kind, or so cheap in relation to its 
excellence. Let us suppose a blue dinner-plate to 
bo under preparation. A designer in the fimt place 
prepares a pattern. An engraver next engraves this 
upon copper or steel, possibly aided in so doing by 
the electrotyping process. The printer then t^es 
impressions from the plate, on very thin but tough 
paper, with an ink formed of peculiar metallic 
colours mixed with oil. This impression, cut out 
with scissors nearly to the shape, is laid upon the 
dinner-plate while in the biscuit or unglazed state, 
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and rubbed well down with a wad of flannel. By 
subsequent dipping in water, and a slight rubbing, 
all the paper is rubbed off, leaving the ink or paint 
on the ware. The heat of a kiln drives off the oil, 
and develops the blue colour of the device. A 
process of glazing then finishes all 

Porcelain or china-tvare, as we lately observed, 
requires a more careful selection both of materials 
and of processes than earthenware. Calcined flint, 
calcined bone, Cornish stone, and Cornish clay, are 
the ingredients generally employed. The calcining, 
grinding, mixing, liquefying, evaporating, and knead- 
ing, are all most carefully conducted, to produce a 
plastic mixture of great whiteness, smoothness, and 
unifonnity. The porcelain' vessels are made in a 
way that may bo inferred from the foregoing de- 
scriptions. The thrower produces the greater num- 
ber of them, by means of the potter’s wheel. If 
tlirowing will not suffice, turning, pressing, and 
moulding are resorted to. 

The painting and gilding of porcelain are delicate 
arts. The paints are composed of metallic oxides, 
mixed to a proper state with essential oils ; while 
the gold is brought to the state of a paint or solu- 
tion. The paint is laid on with small camel-hair 
brushes or pencils, and the painters must all be 
men of taste — some having a knowledge of flowers, 
some of foliage, and so forth. Some kinds of porce- 
lain are painted all over in one uniform colour, with 
or without coloured devices. Gold is applied just 
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like paint, with a brush. When done, none of the 
colours appear bright, nor does the gold present a 
metallic appearance. The magic change is brought 
about by heat. The ware, when painted and gilt, is 
put in^ an enamel kiln, where it is heated just 
sufficiently to dissipate the oil, and cause the metallic 
colours to combine Avith the porcelain ; then it is, 
and then only, that the colours display themselves. 

The painting and gilding are effected after the 
baking and glazing. Nothing now remains but to 
hurnish the golden portion of the adornments ; this 
is done with pieces of very hard and smooth stone, 
such as agate. 

3. Glass and its Manufacture. 

This beautiful substance has been known from 
very early times, and has been highly valued 
wherever known. It is one of the few products of 
man's industry which are at once solid, colourless, 
and transparent. The usefulness of glass as a 
material for windows is evident ; but the smoothness 
and clearness of the substance, as well as its power 
of bearing the action of a large number of chemical 
liquids, render it invaluable as a material for vessels ; 
while its great reflective brilliancy, when silvered 
or rather quicksilvered on one surface, points to its 
fitness for looking-glasses or mirrors. The chief 
kinds are known by the names flint, crown, sheet, 
plate, and hotth gla^. 
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Flint Glass or Crystal. — Any kind of hard 
stone, melted 'with any kind of alkali, will prodiico 
glass. Flint is the most available and generally 
useful of the kinds of stone employed, and soda or 
][)otash the most usual alkali. Of certain metallic 
oxides, used to impart additional good qualities to 
glass, the oxide of lead is the chief. These three 
substances, therefore, may bo regarded as typos of 
all those employed in glass-making. Sea sand is 
nearly pure flint, and is a material highly valued by 
glass manufacturers : csj)ecially the kinds obtained 
from the Norfolk coast and from Alum 13ay in the 
Isle of Wight. 

Flint glass is the kind of which tumblers, goblets, 
'wine-glasses, decanters, &c., are made; as well as 
numerous articles of decorative furniture and fittings. 
It is made usually from sea sand, carbonate of 
potash, and oxide of lead ; vuth minute additions of 
manganese and arsenic to increase tlie colourless 
transparency of the glass. The sand is first care- 
fully washed, to rid it of all impurities, and then 
dried in an oven. The carbonate of potasli is in like 
manner cleansed, till brought to the state of fine 
grains. The oxide of lead is used to assist the 
melting of the other ingredients, and to render the 
glass more heavy and massive, more lustrous and 
brilliant, more ductile for working, and better fitted 
to bear alternations of heat and cold. 

The melting-pots employed in glass-making are 
made of Stourbridge clay, and will contain nearly a 
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ton weight of materiak. Several such pots are 
ranged ciircularly in a large fumAce ; and when 
brought to a white heat, they are filled with a 
granular mixture of sand, alkali, and oxide. After 
many hours, the mixture arrives at the state of a 
golden liquid, or rather golden paste. And now the 
working begins. A workman thnists the end of an 
iron tulte into the molten glass, takes up a portion, 
and blows through the tube. The mass of glass 
expands in the inside, and becomes hollow. It is 
the blower’s business to take up just so much glass 
as will make the article needed ; but the mode in 
which he makes an elegant vessel out of tlie crude 
soft lump, is not easily described. He whirls the 
tube and the mass of glass round in the air ; blows 
through the tube ; rolls the glass on an iron plate ; 
shapes the article with small tools ; cuts oft‘ super- 
fluous portions with scissors ; blows and rolls again 
and again — until a goblet or other vessel is produced, 
with a dexterity very striking to a looker-on. Some- 
times, for particular articles, the glass requires to* be 
pressed against a pattern ; sometimes to be pressed 
or cast in a mould ; its peculiar pasty or putty-like 
state enables it to adapt itself readily to all such 
processes. This condition also enables it to be drawn 
out into tubes for thermometers and barometers. 

All flint glass articles require to be annealed by 
slow heating and slow cooHng, to fit them for use. 
Many of them afterwards receive those adornments 
which earn for them the designation of cut glass. 
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The sur&ce of the glass is ground away at certain 
parts, according to the taste of the workman, by means 
of small revolving wheels of cast iron, wrought iron, 
Yorkshire stone, willow wood, and other substances ; 
and additional beauty is secured by allowing some 
parts to be dull or ground, and other parts poHshed. 

Window, Plate, and Bottle Glass. — Crown 
glass, or common windotv glass, contains sand or 
flint, like flint glass ; but lime is used instead of oxide 
of lead, and soda generally instead of potash. Crown 
glass is made in a still more singular way than flint 
glass. The workman dips the end of an iron tube 
into the molten glass, and takes up a quantity. By 
a little swinging and rolling, and a grcjat deal of 
blowing and rotating, he brings several pounds cf 
paste-like fiery glass to a hollow globular form. This 
globe is flattened a little, then opened at one point, 
and then rotated until it flashes out into a flat circular 
sheet — one of the most surprising proccjsses in the 
whole range of the mechanical arts. This sheet, at 
a proper stage of the operation, is dohiched, and placed 
in an annealing oven, where it acquires a durability 
necessary for its future usefulness. 

There is, nevertheless, something very wasteful 
about this so-called croAvn glass. Each sheet or 
Mk, as it is termed, being circular, cannot bo cut 
up into four-sided pieces, without leaving many 
Clinked fragments ; and there being a thick part or 
knot in the middle, further waste results. To 
obviate this double source of waste was the chief 
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reason for making sheet glass, which is now coming 
rapidly into use. There are processes not less 
beautiful and remarkable than those abeady described. 
The workman takes up, on the end of his iron tube, 
a large mass of glass, and whirls it about in an 
extraordinary way. He swings it round in a vertical 
circle, blows into it, swings it again, rolls it, until at 
length it protrudes beyond the end of the tube, as a 
cylinder, perhaps four feet long by ten inches in 
diameter. This cylinder is easily opened at the 
two ends and detached from the tube. A hot iron 
wire severs it in a line from end to end ; and the 
cylinder by careful heating and rubbing, opens out 
into a square sheet, flat, but slightly Wrinkled on the 
surface. Much larger panes can in this way be 
obtained than from crown glass. The two Crystal 
Palaces, at Hyde Park and Sydenham, and the new 
Exhibition building at Brompton, were glazed with 
sheet glass made in this way. 

Plate glass, for looking-glasses and mirrors, for 
large shop-windows, and for glazing large and valu- 
able engravings, is made in a wholly different man- 
ner. It is cast, not in a mould, but on a flat surface ; 
this surface is a carefully-prepared plate of iron, of 
very large dimensions, provided with apparatus for 
tilting it to any desired angle, and placed on wheels ; 
The materials are selected and prepared with especial 
care, because any defects become very conspicuous 
when plate glass is silvered on one side. The molten 
glass is ladled out of the furnace and examined, in 
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small portions, with a view to the removal of impuri- 
ties and defective portions. When the molten mass 
is in a proper state, an iron vessel, called a cuvette 
placed in the furnace, brought to a white heat, and 
filled with molten glass by means of ladles. Idio 
cuvette is taken out, and tilted in such a way that 
the whole of the golden lava (as tlie glass a2)pcars), 
is poured out upon the smfiice of the iron table. A 
heavy polished iron roller, resting on ledges, brings 
the layer to an equable thickness. As soon as the 
glass has become solid by partial cooling, it is dex- 
terously slid into an annealuig oven ; and when 
annealed, it is ground and polished, by mcaus of 
sand, ground flint, emery powder, cloth 2)olishors, 
and polishing paste. It is a precarious and expen- 
sive manufacture, for no one can tell until the plate 
.of glass is finally polished, how many or what kind 
of defects it will present, or how much of its value 
will be deducted on accouixt of such defects. 

Bottle glass is of so common a kind as to need 
little description ; yet it is commercially one of the 
most important of all, on account of the immense 
quantity made. Common wine and beer bottles are 
not purposely made green ; this colour results from 
the coarseness of the ingredients employed. The 
sand and alkah are the cheapest obtainable. In 
making a bottle, the mass of molten glass, at the end 
of the tube, is inserted in an iron mould, wliich gives 
the external form ; while the hollowness is produced 
by blowing through the tube. White glass chemical 
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bottles, though requiring more nicety in the ingre- 
dients and the processes, are made nearly in the 
same way. 

4. Acids, Alkalies, and other Chemicals. 

We shall here group a number of acids, alkalies, 
and other chemical substances, together with certain 
manufactured articles produced from them. It can 
at best only be a selection from a vast list ; it will 
include sali, soda, potash, sulphur, sulphuric acid, 
aquafortis, saltpetre, gunpowder, gun cotton, alum, 
and soap. 

Common or Table Salt. — If there be one sub- 
stance more than another, of which the cheapness 
hides from us the inestimable value, it is salt. This 
substance is absolutely necessary to us, for rendering 
food digestible and palatable, and for preserving it 
when intended for keeping; and yet, as we can 
obtain it at a farthing a pound, or less, we are too 
apt to regard as a trifling article. Only in countries 
where there are neither salt mines nor sea water, can 
the true worth of this treasure be really understood. 

Salt, when pure, is chloride of sodium, sometimes 
improperly called muriate of soda. Nature has dif- 
fused it very abundantly. It forms thick solid beds 
in many places underground ; it is the chief ingre- 
dient in large subterranean pools of brine; and it 
exists largely in sea water. When pure, it is one of 
the most beautiful of white solid substances, consist- 
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iiig of crystals that would well repay examination 
under the microscope. Not only is it used in tlio 
various domestic ways so familiar to all of us, but it 
is also the great soiu’ce from which soda is obtained. 

In England, our great stores of salt are obtained 
chiefly from Cheshire and Worcestershire, the former 
especially. Vast beds exist near the river Weaver 
and its principal tributaries, under or not far from 
the towns of Northwich, Nantwich, Middlewich, and 
Winsford. It was somewhat less than a century 
ago that, in searchmg for coal, rock-salt was found 
near Northwich; the value of the product led to 
successful examinations elsewhere. There is one 
vast bed of reddish salt near Northwich, twenty 
yards in thickness, and another forty yards ; both so 
hard as to require blasting with gunpowder, in order 
to extricate tlie salt for bringing up to the surface. 
Smaller beds exist in other spots. Besides this, there 
are pools ‘’of brine of intense saltness ; supjx)sed to 
liave been formed by underground streams flowing 
over beds of rock salt, and becoming saturated in 
their passage. 

Salt is prepared in three ways — from tlie rock- 
salt, from the brine, or from a mixture of botli. 
Practically they difler, but in principle the three 
plans are alike ; for they consist mainly of evapora- 
ting and drying. The rock-salt is dissolved in water 
to make brine, or is mixed with brine pumped up 
firom the underground springs, or the natural brine 
alone is used. The liquid is exposed, in very large 
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shallow vessels, to the action of the heat, which drives 
off the water in the form of steam, and leaves the 
salt as a sediment. This salt, in a particular state 
of crystallization or granulation, is ladled into square 
boxes, where it solidifies ; and the high temperature 
of a heated room finally dries the recWgular masses 
extricated from the boxes. 

In districts less bountifully supplied with salt 
mines, salt is often obtained by evaporating sea 
water. The water is collected in shallow receptacles. 
In rude countries, it is evaporated merely by the 
heat of the sun ; but this process is tedious and im- 
perfect, and artificial heat is now more generally 
employed. 

Soda. — Soda, so largely used in the arts, was in 
former days obtained from an Italian sea-weed called 
larilla, and also from a Scotch sea-weed called help. 
Those were days when a very heavy excise duty 
pressed on salt ; but when that duty was removed, 
and the salt rendered cheap in the market, it was 
foimd that soda could be prepared from this substance 
more economically than from any other. 

The making of soda from common salt consists 
mainly in driving off the chlorine. To effect this, 
the salt is first mixed with sulphuric acid in a leaden 
pan, exposed to heat in a furnace. Chlorine from 
the salt, and hydrogen from the acid, combine to form 
muriatic-acid gas. This product, in the early days 
of the manufecture, was a troublesome nuisance to 
the soda-makers ; but now a method is adopted of 
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condensiDg the gas into a liquid, and selling it as 
muriatic acid or sjpirit of salt. The salt in the fur- 
nace, deprived of its chlorine, is a pasty mass. This 
is mixed with lime and coal in a powdered state, and 
thrown into the hailing furnace. Here complicated 
chemical changes take place. The mixture, boiled 
and stirred in the furnace, changes to a darkish- 
coloured substance, which is allowed to flow out into 
shallow iron trays ; this substance is hall 8oda, crude 
^oda, or British barilla. It still comprises much 
that has to be got rid of. By dissolving in tanks of 
water, carbonate of soda is dissolved out of the sub- 
stance, and the rest subsides to the bottom. The 
carbonate, by evaporation, and by a little further 
treatment in a furnace, becomes a yellowish earthj - 
looking substance — the soda ash or soda saU, so 
largely used by glass-makers, soap-makers, and other 
manufacturers. 

Potash. — This is another very important alkali, 
obtained chiefly by the burning of vegetable sub- 
stances. The potash’’ of the manufactories and shops 
is not pure pottish, or oxide of potassium, but a com- 
bination of potash with some other substances ; while 
pearlash is carbonate of potash. Crude potash is 
made in North America in the following manner. 
Certain plants are burned in pits, and the ashes col- 
lected. These ashes are steeped in water until all 
the alkali has been soaked out of them. The liquid 
is evaporated to dryness, and slightly 'calcined ; in 
which state it constitutes crude potash. Different 
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plants, and different parts of the same plant, yield 
very different proportions of this substance ; and the 
alkali is itself vitiated by different kinds and quanti- 
ties of impurities. By further processes, it can be 
brought to the state of a nearly pure carbonate of 
potash. A peculiar method of treatment leads to the 
production oipearlaah. 

Soap Manufacture. — This very useful substance 
owes its usefulness to the feet that, although oil or 
grease will not combine with water, they may be made 
to do so if an alkali be present. In washing hands or 
garments, the greasy particles which are always more 
or less present resist the action of clean cold water 
used alone ; but if a little alkali be added, this com- 
bines with the grease, the two together become soluble 
in water, and arc then easily washed off. Herein is 
the whole philosopliy of the subject. The soap-maker 
takes the trouble off our hands. He makes a solid 
compound of fet or oil and alkah, soluble in water, 
and fitted to’ remove greasy particles by] combining 
with and rendering them also soluble. Every laun- 
dress conducts a chemical process in each of her 
washings, although she does not dignify it with such 
a title. « 

Different kinds of fet and of alkali are used in soap- 
making. Mottled soap is made of soda, tallow, and 
that miscellaneous compound known as ‘ kitchen- 
stuff.’ White or curd soap is without kitchen-stuff; 
and the tallow and alkali are selected with more care. 
Ydlmv soap consists of palm oil, resin, and alkali. 
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Soft soap contains oil instead of tallow, and potash 
instead of soda ; the composition being such that the 
soap is always in a soft or pasty state. 

In making mottled soap, which is perhaps the 
hind most largely used in England, the processes are 
thus conducted. The tallow, principally brought 
from Eussia in casks, requires very little prepara- 
tion. The kitchen-stuff is melted, strained, and 
made as pure as is practicable ; but it is only used 
in the inferior kinds of soap. The soda is dissolved 
in water, to form a ley or lye. This lye, the fat, and a 
little salt, are put into a boiler and heated by steam, 
being kept well stirred all the time. After a certain 
amount of boiling, it is found that the soda of the 
ley has combined with the tallow, leaving the spent 
ley at the bottom ; this spent ley is pumped out, and 
fresh added, until the tallow has combined with as 
much alkali as its natural affinity will permit. The 
mixture is now soap, in a thick or viscid state. 

When the soap is thus far made, it is ladled into 
buckets or pails, and poured into large square vessels 
of wood or iron. When the soap has become cold 
and solid, the vessel or frame is removed piecemeal, 
leaving the mass standing up on one edge. The soap 
is cut into sZais and the slabs into bars, by means of 
wires. 

For etird soap, the processes are nearly as above, 
although more carefully conducted. YeUow soap, in 
like manner, differs from the others rather in the in- 
gredients than in the processes. Soft soap has a 

B 
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consi^ncy which renders some of these processes 
unnecessary. Any kind of oil will do — ^whale, seal, 
olive, or linseed — ^according to the state of the mar- 
ket. When made, the soft soap is poured at once 
into barrels. The speckled appearance is due to dif- 
ferences in the action of oil and of resin upon the 
alkali. The jperfumed or fancy soaps have pure 
white soap for their basis ; the perfumer melts this 
soap, and combines with it any one among a large 
number of perfumes ; thereby obtaining rose soap, 
cinnamon soap, 7nuslc soap, honey soap, &c. 

Sulphur or Brimstone. — Sulphur is one of the 
most curious substances with which we are ac- 
quainted. It is neither an earth nor a stone, neither 
a metal nor a compotind ; while its intense yellow 
colour places it apart from nearly all other sub- 
stance's, Its two names, sulphur and hrimslone, 
derived from words meaning fire-salt and burnt- 
stone, bear relation to the inflammable character 
of the substance. Sulphur is met with naturally, 
combined ^Aith many other substances ; such as iron, 
copper, lead, antimony, lime, barytes, strontia, mag- 
nesia, <S:c. It can be separated from all these by heat 
and chemical agents. Nature has also supplied one 
particular store of sulphur nearly in its pure state — 
BO vast, that oui* Avants can be almost wholly supplied 
from that source. Tliis is in Sicily, at and near the 
base of ]\Iount Etna. There is evidently some con- 
nexion between volcanic agency and the formation of 
this substance ; for sulphur is found in fissures in the 
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lava of all the volcanic tracts of Sicily, Italy, Iceland, 
and other countries. 

The sulphur on the sides of Etna mostly lies 
imbedded in tufa, limestone, and other substances, 
from which it requires to be separated by burning. 
This woidd be better done in England than in Sicily ; 
but in order to lessen the expense of freight, the 
Sicilians do it themselves. The ore is dug out by 
mining, like any other mineral. It is built up in a 
large heap, covered with earth and rubbish, and set 
on fire. The sulphur melts out of the mass, and 
flows through orifices into troughs : although at first 
a black pitchy liquid, it cools into a yellow solid. 
As thus brought to England, it is dirty and impure. 
To refine it, the brimstone is distilled in large cast- 
iron stills, and condensed in an iron receiver. This 
refined sulphur becomes roll sulphur when melted 
and poured into wooden moulds. If it be heated to 
vapour, and then condensed in a large, cold, dry 
chamber, it assumes the form of flower of sulphur, or 
sublimed sulphur. 

Sulphuric Acid. — Sulphur in the plain state is 
used in making matches, gunpowder, and other 
articles. The most extensive use, however, is for 
making sulphuric acid, or oil of vitriol ; one of the 
cheapest and most powerful of all acids, invaluable in 
many of the manufacturing arts, especially that of 
making soda, lately described. The sulphur employed 
for this purpose has no need to be refined ; it is used 
in the state of crude lumps, as brought from Sicily 

^ R 2 
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and elsewhere. It is thrown into a furnace and 
burned, great precautions being taken to prevent the 
suffocating fumes from escaping into the fumace-room. 
The sulphur is all burnt away, and the gaseous pro- 
ducts pass upwards into vessels of enormous magni- 
tude, lined with sheet lead to resist the corrosive 
action of the acid. , In these chambers sulphurous 
acid gas rises ; steam and nitrous acid vapour are 
admitted ; there is then formed sulphuric acid, a 
liquid heavier than water. This liquid collects at 
Ihe bottom of the chamber, whence it is drawn off 
into a tank. For some purposes the -acid is not 
strong enough without further concentration. This* 
is done by distilling it in platinum stills — ^platinum, 
though very costly, being used, because the corrosive 
action eats away almost all otlier kinds of metal. 
Some years ago, such stills were valued at so high a 
price as a guinea an ounce — fourfold the value of 
silver ! 

Aquafortis. — Muriatic acid, we have shown, is 
obtained from salt, sulphuric from sulphur ; and now 
we have to show in what way nitric acid or aquafortis 
is produced. It consists of oxygen and nitrogen, 
two very simple gases in themselves, but producing 
a wonderfully powerful agent when in combination. 
Chemists have the means of producing it by the 
direct union of the two elements ; but it is more 
usually obtained by decomposing substances which 
contain, it in combination with other elements. All 
rain-water contains a little of it \ so do most kinds of 
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chalk, many kinds of soil after heavy rain, and nume- 
rous other easily-obtained substances. How to sepa- 
mte the nitric acid from the other constituents of 
uxese substances, is a question for the skill of the 
manufiicturer to settle. As usually conducted at the 
present day, crude saltjyetre (presently to be noticed) 
is the chief agent. This salt is put into large iron 
cylinders, together with sulphuric acid; and when 
the mixture is heated to a certain degree, vapour 
passes off through a still into another vessel, where 
it cools down to a liquid, which is nitric acid. On 
a large scale, nitrate of soda is employed instead of 
saltpetre. 

This excessively acrid liquid is colourless and trans- 
parent. The aquafortis of the shops is not precisely 
the pure nitric acid of the chemist, for it contains 
certain impurities ; but the one as well as the other 
possesses very powerful properties. Its uses in the 
arts are chiefly of a threefold character— to form the 
important class of salts called nitrates^ by combina- 
tion with other bodies ; to yield up oxygen or nitro- 
gen by decomposition, as an aid to the formation of 
other substances ; and to bite, eat away, or corrode 
metals or other bodies which, for particular purposes,, 
are exposed to its action. 

Saltpetre. — 'i^iire and nitrate of potash are only 
other names for saltpetre. This l^t name, imply- 
ing ‘ stone-salt ’ or ‘ salt of stone,’ was given because, 
the substance is often met with in or upon stone and 
brick walls. Nitre can be made by the chemist firom. 
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nitric acid and potash ; bat for maniifiictrirmg pur- 
poses it is obtained in an easier way. Nitre, as a 
white flowery snbstance, is seen on the ground affce^ 
the rainy season, in many’ parts of the tropical zone, 
as in India and Egypt. It is found on the rocky 
walls of caverns in certain places. The flowery mtre, 
which is in reality nitre combined with other sub- 
stances, is dissolved in water and evaporated to pro- 
duce what is called rough nitre or crude saltpetre. 
The plaster of old walls frequently becomes coated 
with nitre, from some chemical action produced in 
certain ingredients of the plaster. The rough nitre 
requires to be purified before it will be fit for most 
manufacturing purposes. This purifying consists in 
dissolving in water, heating and stirring, clarifying, 
skimming, drawing off without disturbing the sedi- 
ment, cooling, and crystallizing. The crystals thus 
obtained consist of nearly pure nitre or saltpetre. 

Gunpowder. — This extraordinary substance is a 
compound of charcoal, sulphur, and saltpetre. A 
monk, named Berthold Schwartz, described the mode 
of compounding it five hundred years ago ; but it is 
now known that the Chinese and the Hindoos were ac- 
quainted with the composition of gunpowder at a 
much earlier period. Each of the three ingredients pro- 
duces a particular part of the explosive action of this 
substance. The saltpetre, when heated, gives forth 
oxygen gas readily; the charcoal and the sulphur 
combine with this oxygen ; heat is diffused through 
the mass ; and the sohd substances are converted into 
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seyeral gases, cliiefly carbonic-acid gas, carbonic 
oxide, suljdinroiLS acid gas, and nitrogen. These 
gases occupy an enormous bulk in comparison with 
tiiat of the substances from which they were derived 
— supposed to be §,t least two thousandfold; and 
the instantaneous driving away of the air on every 
side, to make room for this expansion, leads to the 
destruction of surrounding objects with terrific vio- 
lence. In gunnery^ the gunpowder behind the ball 
can find room for its expansion only by one or other 
of two modes — bursting the gun, or driving out the 
ball ; and the arrangements are planned to produce 
the latter of these results. The sulphur, though it 
does not produce the explosion, gives suddenness and 
intensity to it. 

Great care is observed in all the processes of 
gunpowder-making. The proportions of ingredients, 
though not uniform, are near about six parts by 
weight of saltpetre, one of sulphur, and one of char- 
coal. English military powder lias a little more 
charcoal than sulphur ; but powder for blasting has 
them in about equal quantities. There are also slow- 
burning and quick-burning kinds of powder for fire- 
works, depending on the proportion of the ingre- 
dients. 

In making gunpowder, the saltpetre is dissolved, 
boiled, filtered, and crystallized, to free it from all 
impurities. The charcoal is carefully made of alder, 
willow, or dog-wood, burned in iron retorts. The 
sulphur is refined and sublimed to the greatest degree 
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of purity. At the gunpowder mills, such as those at 
Waltham Abbey, the greatest precautions are taken 
to preyent explosion. Iron is excluded as much as 
possible from the buildings ; iron tools and vessels, 
iron nails in shoes — everything that could lead to the 
striking of a spark — are sedulously guarded against. 
And in winter weather, or in dark hours generally, 
equal precautions are taken against accidents from the 
use of artificial lights. Even with all this scrupu- 
lous attention, however, explosions sometimes occur, 
bringing ruin and death in their train. 

The several ingredients, when refined and prepared, 
are weighed in due proportion, and mixed in a barrel. 
The mixture is slightly wetted with water, and ground 
under very heavy vertical stones rolling on a bed- 
stone. The mixture thus becomes a damp stiff paste, 
called mill-cahe. This mill-cake is sent to the corn- 
ing-house, to be brought to the state of smaill corns 
or grains. This is effected by pressing it by hydraulic 
power into a thin layer called press-cahe ; crushing 
or breaking this cake into small pieces ; and coming 
or graining. To effect this last-named process, the 
small pieces are placed upon parchment sieves pierced 
with small cirerdar hol<^ ; and rollers of very hard 
wood are made to roll over the fragments, crush them 
still smaller, and press them in such a way that they 
are forced through the perforations. The gunpowder, 
thus corned, is then dusted; that is, it is sifted 
through fine hair sieves, to separate the dust or 
powder from the grains. The grains or corns are 
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then put into a sort of dram or cylinder, and rotated 
until they mb off all each other’s edges and become 
rounded ; they are by the same process polished or 
glazed. After this the gunpowder is carefully dried, 
in a room heated by steam or hot air. 

Gun-ootton. — This very singular substance has 
not yet come much into use as a substitute for gun- 
powder. Nitric acid, when mixed with any woody 
or vegetable fibrous substance, acts in a remarkable 
way upon it, rendering it very inflammable, and in 
some cases explosive. Common cotton wool is 
found to be a useful form of fibre for this purpose. 
A mixture of nitric and sulphuric acids is made ; the 
cotton is well soaked in it, pressed to expel all 
superfluous acid, washed with clean water, and dried. 
The substance thus obtained, gm-cotion, is still 
white wool in appearance, though heavier and 
harsher than before. It is more wonderfully explo- 
sive even than gunpowder. Indeed it explodes too 
rapidly for useful purposes ; and as it is expensive to 
make, and dangerous to have anything to do with, it 
is not at present much in demand.- 

Alum and Aluminium. — It would strike most 
persons as a marvel, to bo told that the crystallized 
substance, alum, has pure daij, dull opaque clay, for 
its basis ; and still more a marvel, that this clay has 
its basis in the brilliant white metal, aluminium, now 
eoming into use for various purposes. Sijch is 
nevertheless the relation between the three sub- 
stances. Alum is made in two or three diflferent 
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ymjs; aad sometimes, but very rarely, it is Duet 
naturally formed. Common alum is a com- 
pound of sulphuric acid, alumina, and potash, or a 
Bvlphate of alumina and potash. In the alum works 
near Whitby, and other places, there are strata of 
earth called alum-stone^ hituminous shale, or clay 
slate, all of which contain some of the elements cA 
alum. They are sometimes obtained by mining 
near the sea-shore ; sometimes they occur as inter- 
mediate strata in coal-mines ; and sometimes they 
can be scraped off the roofs of the passages of coal- 
mines in a powdery state. When the alum ore is 
'dug up, it is steeped for some time in water contain- 
ing a little sulphate of alumina and iron, until all 
the soluble matter is dissolved out of it. This 
solution, when drawn off from the sediment, is boiled, 
and exposed in large coolers. Some of the ingre- 
dients crystalHze into sulphate of^iron or green 
copperas; the remaining ingredients are boiled 
again, potash is added to them, and these crystallize 
into alum. This alum is at first crude and rough ; 
but it becomes purified by farther boiling, evaporat- 
ing, and crystallizing. 

If soda or ammonia be added instead of potash, 
the combination is still alum, though of a ^ghtly 
different kind. If hard alum-stone be used in the 
first instance instead of the powdery substance, it 
requires to be broken and calcined before it wiH 
di^lve. 

Alum is also largely made, at some of our great 
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chemical woiks^ in a wholly different way. Cornish 
clay is ground, calcined, and washed, to bring it to 
the state of nearly pure alumina. To it is added 
sulphuric acid, "v^h which it comlanes rapidly. 
When diluted, and the imcombined particles of clay 
have subsided, the liquid is pumped up into leaden 
cisterns ; sulphate of potash is added ; and after a 
few more processes, crystallized alum is produced. 

It is from this very same alumina, or purified 
clay, that the white metal Aluminium is now pro- 
duced, by a complicated series of processes. The 
operation has not yet become a cheap one ; but the 
supply of material is practically inexhaustible ; and 
quicker and more economical processes will doubtless 
be discovered. 


5. Paints, Coloubs, and Dyes. 

It is a very pleasing department of chemistry that 
takes note of the production of ^ainh, colou/rs^ and 
dyes, for the use of the artist, the house-painter, 
the paper-stainer, the glass-stainer, the calico-printmr, 
the dyer, and other handicraftsmen in ^ and 
manufactures. Some of these chemicals ccmil^e 
with the substance to which they are applied, as 
in the case with fast-colours in dyeing ; whereas 
others, while more or less adhesive, remain on the 
surfece only. Some are applied as liquids, for 
dyeing, &c. ; some are mixed with oil ; some with 
size ; some with a kind of paste. The actual pro- 
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cesses of making are- chiefly grinding, melting, 
dissolving, filtering, &c., which need not be more 
particularly described. It will be more interesting 
to notice the sources whence the substances are 
obtained. Although this chapter purports to relate 
to substances of mineral origin only, it will be con- 
venient to treat of animal and vegetable dyes and 
colours as well as mineral. 

Animal Dyes and Colours. — The number of 
substances used by the dyer is considerable. The 
substances, too, are very diversified, derived from 
all the three kingdoms of nature, and existing 
in all the three states of solid, liquid, and gaseous. 
They nearly all act in the same way, however ; they 
enter into the minute pores of the fabric which is to 
be dyed, and then combine with it in such a way as 
to become insoluble : if not rendered insoluble they 
would wash out, and would not in effect be dyes. 
This affords one test of the skill of the dyer : so to 
select his drugs that, while a particular colour shall 
be produced, the dye shall permanently combine with 
the cloth or other fabric. There is also this matter 
to be considered — that the dye does not always 
present, as a liquid, the same shade or tint of coloiir, 
sometimes not even the same colour, as it will present 
when applied to cotton, wool, or silk. 

The chief animal dyes, stains, and colours, are the 
following. Cochineal is a very remarkable substance. 
It is not merely obtained from an animal ; it is 
animal itself, in a dried state. The cochineal insect. 
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found cMefly in Mexico, feeds upon particular plants, 
which seem to infuse its whole body with colour. 
At certain seasons the female insects only are 
selected, killed, and dried for sale. In this state 
they appear like brownish grains, about as large as 
peppercorns. Their inner substance, when dissolved, 
gives the beautiful carmine colour, obtainable from 
no other source. In dyeing scarlet ^ carmine is com- 
bined with muriate of tin, the two together producing 
this tint. Being extremely valuable in proportion to 
the bulk (six or eight shillings per pound), cochineal 
is often used as a substitute for money between 
Mexican and other merchants ; it is sent as a remit- 
tance from one to another, each merchant knowing 
that he can at any time obtain a ready sale for it in 
the market. 

Lac is sometimes spoken of as if it were an animal 
substance ; but, although produced by a puncture 
made by an insect in the trunk of certain trees,^t is 
really a gum or resin. There are several kinds of 
trees treated in this way, in the East Indies ; prin- 
cipally fig-trees. At certain seasons the exuded sap 
is collected by the natives in the state of a thick 
juice ; and it comes to market under the designations 
of stick lac, seed lac, and shell lac, according to the 
form given to it. For many purposes, lac is used as 
a gum or resin, and in making sealing-wax, or var- 
nish ; but for other purposes it is a colour or a dye. 
The Hindoos prepare a scarlet dye, which they use 
very extensively, by treating stick lac with alum. 
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and thereby drawig a colouring Bubstance out of it, 
to which the names of lac dye and lac lake are 
given. 

Sepia is an intensely black liquid, obtained from 
the extraordinary animal called the cwttle-jish. The 
liquid is often ejected from the living animal, either 
to favour escape by discolouring the water, and ren- 
dering him invisible, or as a means of offensive war- 
fare. It was used by the ancients as ink. A more 
remarkable fact is, that the black fluid has been 
found in fossil specimens of the cuttle-fish, or some 
similar animal, where it had remained for unnum- 
bered ages. Cuvier, the great naturalist, made a 
drawing of a fossil sepia or cuttle-fish, with ink 
obtained from the fossil itself; and Chantrey the 
sculptor made an artistic sketch with the same 
liquid. Sepia is obtained for the use of artists (it is 
too scarce and costly to be used in dyeing) by col- 
lecting the black fluid from a bladder within the fish, 
drying it, and carefully preparing it into cakes and 
other forms. Although originally black, it becomes 
when used a brown pigment. 

Bloody it might be thought, would be a cheap and 
abundant source of red colour; but the colouring 
substance constitutes only one- eighth part of the 
whole mass, and thus soon changes to a kind of dirty 
brown. 

Veoetable Dyes and Colours. — The vegefeaUe 
substances used as dyes and colours are &r more 
numerous than the animal. They may be classified 
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in many different ways; but perhaps the most useful 
is according to the tints. 

The principal red dyes and colours are madder, 
Brazil wood, Sapan wood, Nicaragua wood, logwood, 
sandalwood, safflower, St John's wort, and alkanei 
root Some of these, as the names denote, are wood, 
the actual woody portion of plants, containing natu- 
rally a coloured substance which can be extracted 
from them ; others are flowers ; madder is a dye 
contained in the root of a particular plant ; Brazil 
wood, by various modes of preparation, yields the 
several colours called crimson, lake, Berlin red, and 
purple-lake. 

The Hue and violet kinds are produced from indigo, 
woad, and several other plants. Indigo, the most 
valuable of them all, is a blue substance obtained 
from every part of the indigo plant, by steeping, 
scalding, evaporating, and other processes. Woad, 
an inferior blue colour, is obtained in a similar way 
from the woad plant. Sicilian Hue, litmus, turnsole, 
orchil, and cudbear, are produced from certain kinds 
of lichen or moss. 

The yellow vegetable colours are mainly derived 
from weld, quercitron, fustic, hickory, arnatto, tur^ 
meric, French berries, Persian berries, saw wort, 
heath, dyers' broom, saffron, and rhubarb. Weld is 
obtained from the steepings of the weld plant ; quer- 
citron from the bark of an American timber tree ; 
fustic from the yellow wood of a species of mulberry 
free ; hickory ^m the bark, green leaves, and nut 
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rinds of the hickory tree; amatto from the pnlpy 
seed-pod of an American plant ; turmeric from the 
wood of an Asiatic tree ; French berries and Persian 
berries from the unripe fruit of certain trees ; saw- 
wort from the leaves of the plant so named ; heath 
and dyers’ broom from plants well known on our com- 
mons and hills ; safl&ron from the flowers of the crocus 
sativus. 

Those vegetable colours which are placed among 
the fatvns and drabs are obtained from sumach^ 
walnut peel, birch, and henna. Sumach is derived 
from the shoots of the rhus coriaria ; walnut-peel 
from the well-known fruit ; birch dye from the tek 
of the birch-tree ; and henna (in the east, where it is 
used for staining the skin and the nails) from the 
leaves of the Egyptian privet. 

The black vegetable colours and dyes are princi- 
pally gall nuts and valonia. Gall nuts are an 
excrescence on the bark of a species of oak, the 
quercus infecioria. The acorn cups of many plants 
yield a similar black dye ; especially those of a tree 
growing abundantly in Greece and Asia Minor; 
they came to England under the name of valonia, 
and are sought after as being cheaper than nut- 
galls. 

Chreen and brown vegetable dyes and colours are 
few in number. Those tints ai*e generally produced, 
if from vegetable substances, by combinations of two 
or more among those already adverted to. 

Among dyeing and colouring drugs may perhaps 
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be included the tanning drugs, the use of which is 
noticed in the Second Chapter. Many of the dye- 
drugs described in this section ar6 also used for 
tanning ; but the chief kinds are oah-larh, obtained 
from various species of oak ; catecHm or terra-jaj^o^ 
nica, obtained from the wood of the acacia catechu ; 
mangrove^ from the bark of the mangrove tree ; and 
mimosa^ from the bark of an Australian tree. 

Mineral Dves and Colours. — The minerals em- 
ployed to produce colour, although not so numerous 
as the vegetable sources, are much more so than 
those of animal origin. In most cases, the mineral 
does not itself possess the colour, nor would it pro- 
duce the colour if used alone ; the result is brought 
about by various combinations, involving a good deal 
of chemical nicety. Hence a dyer and a colourman 
ought to be chemists, or ought at least to be familiar 
with one particular department of chemical science. 
Some mineral colours are earths ; some oxides, some 
salts, some acids, and some alkalies. Metals are not 
in themselves colouring substances; but several of 
them become so when in combination mth other 
bodies. If, as in the case of vegetable colours, we 
classify those of mineral origin according to the 
colours produced, the following may be named as the 
chief among them : 

To produce yellow mineral colours and dyes, re- 
course is had to chrome yellow, or chromate of lead ; 
chrome orange, midway between yellow and red, and 
differing a littie in chemical constitution from the 

s 
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chrome just named ; orpiment or liing's yellow, a 
chemical compound of sulphur and arsenic ; and 
various oxides of iron with other metals, which form 
the group of ochres — such as yellow ochre, stone 
ochre, gold ochre; gold yellow, yellow sienna, Chinese 
yellow, &c. All these yellows appear to the eye like 
earthy substances ; but for some purposes the colour 
can be extracted from them in a state of greater 
purity. 

Red mineral colours comprise the following as the 
principal. Vermilion or Chinese red, a compound of 
sulphur and mercury; chrome cinnabar, or yellow 
vermilion, one among many chromates of lead ; red 
lead, Venetian red, minium, litharge, varieties of 
oxide of lead : oxide of iron, presenting various 
shades from light red to dark brownish-red, and pro- 
ducing the colours known by the diversified names of 
Armenian bole, Berlin red, coleothar, English red, 
red ochre, burnt ochre, red earth, terra di sienna, 
mineral purple, stone red, Indian red, &c. The 
old and new red sandstones of the geologists owe 
their colour chiefly to the contained iron. Ked 
enamel colours, suitable for enamel-painters and 
glass-stajners, are produced from some of the salts 
of gold and copper. 

Blue mineral coloui*s are very important. One is 
cobaU, which, together with Saxony blue, smalt, or 
Icing's blue, is prepared from the oxide of cobalt, 
combined with other substances. Copper blue, and 
some other kinds, are chiefly carbonate of copper. 
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The beaEtifol colour, Prussian blue, is one of the salts 
of iron. Ultramarine^ azure blue^ or la]^s4azuU^ 
one of the most costly of all mineral colours, is pre- 
pared from the mineral called lapis-lazuli. 

Green mineral colours are few in number, though 
many different names are given to them. Brunswick y 
Bcheel^s and Schweinfurth greens are combinations of 
arsenic and copper. Oxides of copper and of chro- 
mium will combine to form green ; and various mix- 
tures of blue and yellow will do the same. 

Brown mineral colours comprise few except raw 
umher, burnt umber, and Sienna brown, which are 
oxides of iron and other metals, and sometimes take 
rank among the ochres. 

Black mineral colours are chiefly black lead and 
charcoal, prepared in various ways. Others are 
yielded by certain mineral substances when in com- 
bination with vegetable dyes. 

White mineral colours are much more numerous 
than those of vegetable origin ; indeed, scarcely any 
vegetable white is permanent. White lead or flake 
white ; zinc white, as a substitute for white lead ; 
chalk, or carbonate of lime ; gyj^sum, or fllaster of 
Paris, which is a sulphate of lime ; sidflhaie of 
barytes ; steatite — these are the chief white mineral 
pigments employed in the arts. In many operations, 
described briefly in former chapters, white is pro- 
duced, not by adding anything, but by simply remov- 
ing colour already in existence ; such, for instance, 
as in the whitening of calico, cambric, muslin, linen. 
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and other woven textile goods, by bleaching with 
chlorine or other chemical agents. 

The Maoenta Class of Colours. — We have 
purposely left to the last a few words concerning 
those very beautiful colours of the magenta or aniline 
class, which are the latest results of chemical research 
into mineral colours, and which have recently come 
into such great favour. It is in every sense an in- 
teresting inquiry ; for not only are the colours highly 
beautiful in themselves, but they are all produced 
from a substance that is about one of the last to 
which we should feel disposed to attribute the power 
of producing anything beautiful. This gas-tar. 
Beference to a former chapter will remind the reader 
that this tar is produced during the manufiicture of 
common street-gas at the several gas-works. At 
first it was a terrible nuisance to the gas-makers ; it 
cost them great trouble to separate it fi:om the gas ; 
and when separated, they did not know what to do 
with it. It was in every one’s way. At this junc- 
ture, however, chemistry stepped in and solved the 
difficulty, as it has done in many similar cases. A 
distinguished man has well said that “dirt is only 
something useful in the wrong place.” Nothing 
whatever is absolutely useless : even dirt, rubbish, 
or waste possesses value if we only apply it in the 
proper place and at the proper time. As there is a 
time for all things, so is there a place for all things ; 
and science is continually correcting our daily pro- 
ceedings in this maTiter. 
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Coal-tar, we have said, produces beautiful colours. 
The matter is thus managed. The coal-tar is sub- 
jected to a chemical process, by which aniline is 
obtained from it. This aniline is a colourless oily 
substance, which is obtained also from various plants ; 
the makers produce it in preference from coal-tar 
because of the ch^pness and abundant supply of that 
material. The coal is distilled in such a way as to 
produce heavy oil and light oil. The heavy oil is 
usefully employed as a preservative for wood, and 
also as a medicament in the treatment of ulcerated 
wounds. The light oil is coahtar na^phtha, whence 
is obtaiued benzine, aniline, and a number of other 
chemical substances. Benzine is employed to dis- 
solve gutta-percha, to make varnish, to dissolve 
greasy substances, and to clean gloves and textile 
goods ; it may also be employed instead of oil for 
lamps. We thus see that coal-tar, the despised re- 
sidue of former days, is really a veiy valuable sub- 
stance, yielding other substances |^usefid both in the 
manufacturing arts and in medicine. 

Without noticing further the other products from 
coal-tar, we will fix our attention upon benzine. 
When treated in a particular way with aquafortis, 
this substance yields a yellowish hquid so pleasantly 
fragrant as to be a welcome scent for perfumery and 
toilet soaps ; and when this yellowish liquid, called 
nitro-henzine, is further exposed to the action of 
hydrogen gas, it produces the colourless oily liquid 
aniline. From aniline, by various modes of treat- 
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ment depending on the kind of result intended to be 
produced, are obtained those beautiful colours known 
by the names of Magerda, Mauve, Aniline furple, 
Violine, Boseine, Solferina, Emeraldine, Azuline, &c. 
The rich purple of one colour, the intense crimson 
of another, the peculiar bronze of a third, the 
fuchsia-tint of a fourth, &c., are universally admired. 
They have all a peculiar kind of lustre, not easily 
described in words, but very apparent when compared 
with the effects of ordinary colours. Cotton iGsibrics, 
such as muslin and calico, do not take these magenta 
or coal-tar dyes so readily as silk and wool ; the 
dyer’s art is needed to bring about the union by in- 
direct means. A celebrated French chemist, in speak- 
ing of these very valuable colours, says — ‘‘ Coal has 
not yet been transformed into diamonds ; but we can 
extract from it a violet colour equal in value to gold 
itself and another says that the relative value of 
the coal and its beautiful produce may bo thus de- 
clared : Whilst the coal employed to obtain it would 
hardly sell at one farthing per pound, a similar weight 
of aniline dye is worth sixty or eighty pounds ster- 
ling.” This, however, was in the infancy of the 
manufacture; dyers could not afford to use such 
substances until the price had been greatly reduced 
by improved processes. 

It may not be unfitting to mention here that guano 
— a substance still more disagreeable and even offen- 
sive than coal-tar — ^has in a similar way been made 
to yield beautiful colours available to the dyer. 
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This manure, ■which we are in the habit of beheving 
is only known to farmers and those who sell to them, 
produces a number of curious and beautiful substances 
by chemical action. Among them is murexide, the 
brilliant colours of which have been thus clearly de- 
scribed : — “ It consists of small quadrangular crystal- 
line plates, which reflect light of a green metallic 
lustre, like the ■wing-cases of a golden beetle. Two 
of the prismatic sides of a single crystal of murexide 
reflect this green metallic light; whilst the other 
two reflect only a dull brown light. When seen 
by transmitted light— in other words, when looked 
through — these httle crystals appear like so many 
garnets of the finest claret tint. When pulverised, 
they furnish a fed powder, which, under the bur- 
nisher, becomes of a brilliant metallic green.” — And all 
this from the unsightly and ill-odoured guano ! In 
the dyer’s hands, the murexide is made to yield an 
almost endless series of carmine, purple, orange, and 
yellow tints, very brilliant and beautiful. 


Minerals and Chemicals — how inexhaustible is this 
group ! Some of the more important have only been 
mentioned ; but the reader ■will have seen that even 
this selected number is considerable; and that the 
substances themselves, their origin and their prepa- 
ration, are full of interest. 
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CONCLUSION. 

One useful lesson may be derived from this small 
work, and in a still greater degree from works in wbicli 
more ample space permits more detailed treatment. 
It is, that man’s industry, strictly speaking, 
nothing ; he only modifies that which the bounty of 
Providence places at his disposal. 

Let us consider this matter a little. By what 
means, and out of what materials, do we fabricate our 
metal goods, for instance ? It is impossible not to 
perceive, on fair consideration, that Nature supplies 
all the substances on which our ingenuity is exercised. 
Every atom of the metal is contained in the ore ; we 
only extricate it by driving off other substances. 
And when it has become pure, we change its form 
by various means, hut produce nothing. We do not 
even produce heat by kindling the fuel in the furnace ; 
all the elements of heat are there, in a latent or qui- 
escent state ; we merely apply the spark, and the 
chemistry of nature does the rest. Nor do we any 
the more produce light ; the hydrogen and the car- 
bon are in the substances employed, the oxygen to 
feed the combustion is in the atmosphere ; we place 
these substances in a position to act upon each other, 
and bring some, other hot substance in contact with 
them — all the real production that follows is the re- 
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suit of natural forces. If it be said that the glass- 
maker produces glass, the assertion can only 1^ ac- 
cepted in a general conversational way. The sand 
and the alkali are placed together by him in a kiln ; 
the coals are placed by him in a furnace ; a light is 
so placed by him that it may kindle paper or wood, 
and the wood kindle the coal — but all that follows is 
beyond his grasp. Forces, powers, properties, or by 
whatever other name we may designate them, are 
possessed by these substefnces, enabling them to 
duce glass, when the conditions are favourable ; and 
it is the business of the glass-maker to bring about 
these conditions. He places the proper substances 
and agencies together, in due relations and due pro- 
portions ; but the production that follows is altogether 
beyond his power. 

Nor is it any the more true to say that the farmer 
produces com ; although it is a very convenient ex- 
pression as popularly understood. He loosens the 
soil in such a way that air and moisture may act 
upon it ; he places the seed beneath the surlace at 
such a depth that the moistened soil may envelope 
it ; he so chooses the time of sowing that the sun- 
shine of summer may nourish and warm the young 
shoots. But the growing, the jproducing, is due to 
a Greater Artificer than he. The production of fleecy 
wool on the back of a sheep, of silk in the cocoon of 
a little worm, of cotton in the seed-pod of a plant, of 
flax in the stem-fibres of another plant, of wood in 
the trunks of forest-trees, of sap and gum in the 
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bark, of oil in the nuts, of nutritions iarina in the 
seeds, of grateful juices in the fruit. — ^What has man 
to do with all this ? He simply places together the 
materials, the tools with which Nature works. 

Let it not be supposed that these observations are 
intended to lower the dignity of human industry. 
Just the contrary. True dignity, in this as in other 
matters, is generally consistent with seeming to be 
what we really are. Man is a helper, a lal)ourer ; 
but Nature is the master artificer. Man fetches and 
carries, places side by side, weighs and adjusts, tests 
and purifies, the various substances of which aU the 
things around us are made ; but there is always a 
moment in each operation, when he must hold his 
hand, and let the real work be accomplished by a 
higher power than his. But, unless these prelimi- 
nary operations of selecting, placing, weighing, 
adjusting, testing, purifying, and the like, are pro- 
perly conducted, the work will not be done according 
to our need, because the natural forces are not 
placed in the proper conditions for attaining the de- 
sired end. That man creates nothing, we are all 
ready enough to admit — at least, in a material sense ; 
what are called the creations of genius do not come 
into consideration here. A tree weighing a thousand 
pounds has grown up from a little seed weighing one 
grain ; but still all the carbon, oxygen, hydrogen, 
nitrogen, &c., of which it consists, were previously in 
existence — in the air, the earth, and the waters. 
That man produces nothing, although not so readily 
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assented to, is equally true. A mass' of sugar weigh- 
ing a thousand pounds is brought to its familiar 
form by a multitude of processes to which the sugar- 
cane is subjected ; but all the elements of sugar are 
of natural origin, like the elements of the tree. The 
farmer in the one case, the sugar-boiler in another, 
is the labourer that puts this and that together — 
places, cuts, trims, varies, adjusts, protects. He is 
not only a carrier and a labourer, but a watchman 
also, attending to the tools and materials with which 
Nature works ; and the more intelligent and indus- 
trious he is, the better will the work be done ; but, 
nevertheless, the real work of producing is due to an 
Invisible Hand. 


THE END. 
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